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ADVERTISEMENT. 
[Bulletin  No.  80.] 


The  publications  of  the  United  States  Geological  Survey  are  issued  in  accordance  with  the  statute 
approved  March  3,  1879.  which  declares  that— 

^  The  publications  of  the  Geological  Survey  shall  consist  of  the  annual  report;  of  operations,  geological 
and  economic  maps  illustrating  the  resources  and  classification  of  the  lauds,  and  reports  upon  general 
and  economic  geology  and  paleontology.  The  annual  report  of  operations  of  the  Geological  Survey 
shall  accompany  the  annual  report  of  the  Secretary  of  the  Interior.  All  special  memoirs  and  reports 
of  said  Survey  shall  be  issued  in  uniform  quarto  series  if  deemed  necessary  by  the  Director,  but  other- 
wise in  ordinary  octavos.  Three  thousand  copies  of  each  shall  be  published  for  scientific  exchanges 
and  for  sale  at  the  price  of  publication ;  and  all  literary  and  cartographic  materials  received  in  exchange 
shall  be  the  property  of  the  United  States  and  form  a  part  of  the  library  of  the  organization ;  and  the 
money  resulting  from  the  sale  of  such  publications  shall  be  covered  into  the  Treasury  of  the  United 
States." 

On  July  7,  1882,  the  following  joint  resolution,  referring  to. all  Government  publications,  was  passed 
by  Congress : 

"That  whenever  any  document  or  report  shall  be  ordered  printed  by  Congress,  there  shall  be  printed, 
in  addition  to  the  number  in  each  case  stated,  the  'usual  number'  (1,900)  of  copies  for  binding  and 
distribution  among  those  entitled  to  receive  them." 

Except  in  those  cases  in  which  an  extra  number  of  any  publication  has  been  supplied  to  the  Survey 
by  special  resolution  of  Congress  or  has  been  ordered  by  the  Secretary  of  the  Interior,  this  office  has 
no  copies  for  gratuitous  distribution. 

ANNUAL  REPORTS. 

I.  First  Annual  Keport  of  the  United  States  Geological  Survey,  by  Clarence  King.  1880.  8°.  79  pp. 
1  map. — A  preliminary  report  describing  plan  of  organization  and  publications. 

II.  Second  Annual  Report  of  the  United  States  Geological  Survey,  1880-'  81,  by  J.  W.  Powell.  1882. 
8°.     lv,  588  pp.     62  pi.     1  map. 

III.  Third  Annual  Report  of  the  United  States  Geological  Survey,  1881-82,  by  J.  W.  Powell.  1883. 
8°.    xviii,  564  pp.     07  pi.  and  maps. 

IV.  Fourth  Annual  Report  of  the  United  States  Geological  Survey,  1882-'83,  by  J.  W.  Powell.  1884. 
8°.     xxxii,  473  pp.     85  pi.  and  maps. 

V.  Fifth  Annual  Report  of  the  United  States  Geological  Survey,  1883-84,  by  J.  W.  Powell.  1885. 
8°.    xxxvi,  469  pp.     58  pi.  and  maps. 

VI.  Sixth  Annual  Report  of  the  United  States  Geological  Survey,  1884-85,  by  J.  W.  Powell.  1885. 
8°.    xxix,  570  pp.     65  pi.  and  maps. 

VII.  Seventh  Annual  Report  of  the  United  States  Geological  Survey,  1885-86,  by  J.  W.  Powell.  1888. 
S°.    xx,  656  pp.     71  pi.  and  maps. 

VIII.  Eighth  Annual  Report  of  the  United  States  Geological  Survey,  1886-87,  by  J.  W.  Powell.  1889. 
8°.    2  v.     xix,  474,  xii  pp.    53  pi.  and  maps;  1  p.  1.,  475-1063  pp.     54-76  pi.  and  maps. 

IX.  Ninth  Annual  Report  of  the  United  States  Geological  Survey,  1887-88,  by  J.  W.  Powell.  1889. 
8°.    xiii,  717  pp.     88  pi.  and  maps. 

X.  Tenth  Annual  Report  of  the  United  States  Geological  Survey,  1888-'89,  by  J.  W.  Powell.  1890. 
8°.    2  v.    xv,  774  pp.     98  pi.  and  maps ;  viii,  123  pp. 

XI.  Eleventh  Annual  Report  of  the  United  States  Geological  Survey,  1889-'90,  by  J.  W.  Powell.  1891. 
8°.    2  v.     xv,  757  pp.     66  pi.  and  maps ;  ix,  351  pp.     30  pi. 

XII.  Twelfth  Annual  Report  of  the  United  States  Geological  Survey,  1890-'91.  by  J.  W.  Powell.  1891. 
8°.    2  v.    xiii,  675  pp.     53  pi.  and  maps;  xviii,  576  pp.     146  pi.  and  maps. 

The  Thirteenth  Annual  Report  is  in  press. 

MONOGRAPHS. 

I.  Lake  Bonneville,  by  Grove  Karl  Gilbert.     1890.    4°.    xx,  438  pp.    51  pi.    1  map.    Price  $1.50. 

II.  Tertiary  History  of  the  Grand  Canon  District,  with  atlas,  by  Clarence  E.  Dutton,  Capt.  U.  S.  A. 
1882.    4°.     xiv,  264  pp.    42  pi.  and  atlas  of  24  sheets  folio.     Price  $10.00. 

III.  Geology  of  the  Oomstock  Lode  and  the  Washoe  District,  with  atlas,  by  George  F.  Becker.  1882. 
4o.    xv,  422  pp.     7  pi.  and  atlas  of  21  sheets  folio.     Price  $11.00. 

IV.  Comstock  Mining  and  Miners,  by  Eliot  Lord.     1883.     4°.     xiv,  451  pp.     3  pi.     Price  $1.50. 

V.  The  Copper-Bearing  Bocks  of  Lake  Superior,  by  Roland  Duer  Irving.  1883.  4°.  xvi,  464  pp. 
15  1.     29  pi.  and  maps.    Price  $1.85. 

VI.  Contributions  to  the  Knowledge  of  the  Older  Mesozoic  Flora  of  Virginia,  by  William  Morris 
Fontaine.     1883.     4°.     xi,  144  pp.    54  1.     54  pi.     Price  $1.05. 
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VII.  Silver-Lead  Deposits  of  Eureka,  Nevada,  by  Joseph  Story  Curtis.  1884.  4°.  xiii,  200  pp.  16 
pi.    Price  $1.20. 

VIII.  Paleontology  of  the  Eureka  District,  by  Charles  Doolittle  Walcott.  1884.  4°.  xiii,  298  pp. 
24  1.    24  pi.    Price  $1.10. 

IX.  Brachiopoda  and  Lamellibranchiata  of  the  Raritan  Clays  and  Greensand  Marls  of  New  Jersey, 
by  Robert  P.  Whitfield.    1885.    4°.    xx,  338  pp.     35  pi.     1  map.     Price  $1.15. 

X.  Dinocerata.  A  Monograph  of  an  Extinct  Order  of  Gigantic  Mammals,  by  Othniel  Charles  Marsh. 
1886.    4°.    xviii,  243  pp.     56  1.     56  pi.     Price  $2.70. 

XI.  Geological  History  of  Lake  Lahontan,  a  Quaternary  Lake  of  Northwestern  Nevada,  by  Israel 
Cook  Russell.    1885.    4°.     xiv,  288  pp.     46  pi.  and  maps.    Price  $1.75. 

XII.  Geology  and  Mining  Industry  of  Leadville,  Colorado,  with  atlas,  by  Samuel  Franklin  Emmons. 
1886.    4°.    xxix,  770  pp.    45  pi.  and  atlas  of  35  sheets  folio.    Price  $8.40. 

XIII.  Geology  of  the  Quicksilver  Deposits  of  the  Pacific  Slope,  with  atlas,  by  George  F.  Becker. 
1888.    4°.    xix,  486  pp.    7  pi.  and  atlas  of  14  sheets  folio.    Price  $2.00. 

XIV.  Fossil  Fishes  and  Fossil  Plants  of  the  Triassic  Hocks  of  New  Jersey  and  the  Connecticut  Val- 
ley, by  John  S.  Newberry.     1888.     4°.    xiv,  152  pp.    26  pi.     Price  $1.00. 

XV.  The  Potomac  or  Younger  Mesozoic  Flora,  by  William  Morris  Fontaine.  1889.  4°.  xiv,  377 
pp.    180  pi.     Text  and  plates  bound  separately.    Price  $2.50. 

XVI.  The  Paleozoic  Fishes  of  North  America,  by  John  Strong  Newberry.  1889.  4°.  340  pp.  53  pi. 
Price  $1.00. 

XVII.  The  Flora  of  the  Dakota  Group,  a  posthumous  work,  by  Leo  Lesquereux.  Edited  by  F.  H. 
Knowlton.     1891.    4°.    400  pp.    66  pi.     Price  $1.10. 

XVIII.  Gasteropoda  and  Cephalopoda  of  the  Raritan  Clays  and  Greensand  Marls  of  New  Jersey, 
by  Robert  P.  Whitfield.     1891.    4°.    402  pp.     50  pi.    Price  $1.00. 

In  press: 

XIX.  The  Penokee  Iron-Bearing  Series  of  Northern  Wisconsin  and  Michigan,  by  Roland  D.  Irving 
and  C.  R.  Van  Hise. 

XX.  Geology  of  the  Eureka  District,  Nevada,  with  atlas,  by  Arnold  Hague.  1892.  4°.  419  pp.  8  pi. 
In  preparation : 

XXI.  The  Tertiary  Rhynchophorous  Coleoptera  of  North  America,  by  Samuel  Hubbard  Scudder. 

XXII.  A  Manual  of  Topographic  Methods,  by  Henry  Gannett,  chief  topographer. 

XXIII.  Geology  of  the  Green  Mountains  in  Massachusetts,  by  Raphael  Pumpelly,  J.  E.  Wolff, 
T.  Nelson  Dale,  and  Bayard  T.  Putnam. 

Mullusca  and  Crustacea  of  the  Miocene  Formations  of  New  Jersey,  by  R.  P.  Whitfield. 

—  Saurbpoda,  by  O.  C.  Marsh. 

—  Stegosauria,  by  O.  C.  Marsh. 

—  Biontotheridae,  by  O.  C.  Marsh. 

—  Report  on  the  Denver  Coal  Basin,  by  S.  F.  Emmons. 

— -  Report  on  Silver  Cliff  and  Ten-Mile  Mining  Districts,  Colorado,  by  S.  F.  Emmons. 

—  The  Glacial  Lake  Agassiz,  by  Warren  Upham. 

BULLETINS. 

1.  On  Hypersthene-Andesite  and  on  Triclinic  Pyroxene  in  Augitic  Rocks,  by  Whitman  Cross,  with  a 
Geological  Sketch  of  Buffalo  Peaks,  Colorado,  by  S.  F.  Emmons.    1883.    8°.    42  pp.    2  pi.    Price  10  ceuts. 

2.  Gold  and  Silver  Conversion  Tables,  giving  the  coining  values  of  troy  ounces  of  fine  metal,  etc.,  com 
puted  by  Albert  Williams,  jr.    1883.    8°.    8  pp.    Price  5  cents. 

3.  On  the  Fossil  Faunas  of  the  Upper  Devonian,  along  the  meridian  of  76°  30',  from  Tompkins  County, 
New  York,  to  Bradford  County,  Pennsylvania,  by  Henry  S.Williams.    1884.    8°.    36  pp.    Price  5  cents. 

4.  On  Mesozoic  Fossils,  by  Charles  A.  White.    1884.    8°.    36  pp.    9  pi.    Price  5  cents. 

5.  A  Dictionary  of  Altitudes  in  the  United  States,  compiled  by  Henry  Gannett.  1884.  8°.  325  pp. 
Price  20  cents. 

6.  Elevations  in  the  Dominion  of  Canada,  by  J.  W.  Spencer.    1884.    8°.    43  pp.    Price  5  cents. 

7.  Mapoteca  Geologica  Americana.  A  Catalogue  ot  Geological  Maps  of  America  (North  and  South), 
1752-1881,  in  geographic  and  chronologic  order,  by  Jules  Marcou  and  John  Belknap  Marcou.  1884. 
8°.    184  pp.    Price  10  cents. 

8.  On  Secondary  Enlargements  of  Mineral  Fragments  in  Certain  Rocks,  by  R.  D.  Irving  and  C.  R. 
Van  Hise.     1884.    8°.    56  pp.    6  pi.     Price  10  cents. 

9.  A  report  of  work  done  in  the  Washington  Laboratory  during'the  fiscal  year  1883-'84.  F.  W.  Clarke, 
chief  chemist.     T.  M.  Chatard,  assistant  chemist.    1884.    8°.    40  pp.    Price  5  cents. 

10.  On  the  Cambrian  Faunas  of  North  America.  Preliminary  studies,  by  Charles  Doolittle  Walcott. 
1884.    8°.    74  pp.    10  pi.    Price  5  cents. 

11.  On  the  Quaternary  and  Recent  Mollusca  of  the  Great  Basin;  with  Descriptions  of  New  Forms, 
by  R.  Ellsworth  Call.  Introduced  by  a  sketch  of  the  Quaternary  Lakes  of  the  Great  Basin,  by  G.  K. 
Gilbert.    1884.    8°.    66  pp.    6  pi.    Price  5  cents. 

12.  A  Crystallographic  Study  of  the  Thinolite  of  Lake  Lahontan,  by  Edward  S.  Dana.  1884.  8°. 
34  pp.    3  pi.    Price  5  cents. 

13.  Boundaries  of  the  United  States  and  of  the  several  States  and  Territories,  with  a  Historical 
Sketch  of  the  Territorial  Changes,  by  Henry  Gannett.     1885.    8°.     135  pp.     Price  10  cents. 
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14.  The  Electrical  and  Magnetic  Properties  of  the  Iron-Carburets,  by  Carl  Barus  and  Vincent 
Strouhal.     1885.     8°.     238  pp.     Price  15  cents. 

15.  On  the  MesoZiQfc  and  Cenozoic  Paleontology  of  California,  by  Charles  A.  White.  1885.  8°.  33  pp. 
Price  5  cents.  * 

16.  On  the  Higher  Devonian  Faunas  of  Ontario  County,  New  York,  by  John  M.  Clarke.  1885.  8°. 
86  pp.    3  pi.     Price  5  cents. 

17.  On  the  Development  of  Crystallization  in  the  Igneous  Rocks  of  "Washoe,  Nevada,  with  notes  on 
the  Geology  of  the  District,  by  Arnold  Hague  and  Joseph  P.  Iddings.  1885.  8°.  44  pp.  Price  5 
cents. 

18.  On  Marine  Eocene,  Eresh-water  Miocene,  and  other  Fossil  Mollusca  of  Western  North  America, 
by  Charles  A.  White.     1885.    8°.    26  pp.    3  pi.    Price  5  cents. 

19.  Notes  on  the  Stratigraphy  of  California,  by  George  F.  Becker.    1885.    8°.    28  pp.     Price  5  cents. 

20.  Contributions  to  the  Mineralogy  of  the  Pocky  Mountains,  by  Whitman  Cross  and  W.  F.  Ilille- 
brand.    1885.    8°.     114  pp.     1  pi.    Price  10  cents! 

21.  The  Lignites  of  the  Great  Sioux  Reservation.  A  Report  on  the  Region  between  the  Grand  and 
Moreau  Rivers,  Dakota,  by  Bailey  Willis.     1885.     8°.     16  pp.     5  pi.     Price  5  cents. 

22.  On  New  Cretaceous  Fossils  from  California,  by  Charles  A.  White.  1885.  8°.  25  pp.  5  pi. 
Price  5  cents. 

23.  Observations  on  the  Junction  between  the  Eastern  Sandstone  and  the  Keweenaw  Series  on  Ke- 
weenaw Point,  Lake  Superior,  by  R.  D.  Irving  and  T.  C.  Chamberlin.  1885.  8°.  124  pp.  17  pi. 
Price  15  cents. 

24.  List  of  Marine  Mollusca,  comprising  the  Quatenary  Fossils  and  recent  forms  from  American 
Localities  between  Cape  Hatteras  and  Cape  Roque,  including  the  Bermudas,  by  William  Healy  Dall. 
1885.    8°.    336  pp.    Price 25  cents. 

25.  The  Present  Technical  Condition  of  the  Steel  Industry  of  the  United  States,  by  Phineas  Barnes. 
1885.     8°.     85  pp.     Price  10  cents. 

26.  Copper  Smelting,  by  Henry  M.  Howe.     1885.    8°.     107  pp.    Price  10  cents. 

27.  Report  of  work  done  in  the  Division  of  Chemistry  and  Physics,  mainly  during  the  fiscal  year 
1884-'85.    1886.     8°.    80  pp.    Price  10  cents. 

28.  The  Gabbros  and  Associated  Hornblende  Rocks  occurring  in  the  neighborhood  of  Baltimore, 
Md.,  by  George  Huntington  Williams.     1886.     8°.     78  pp.     4  pi.     Price  10  cents. 

29.  On  the  Fresh-water  Invertebrates  of  the  North  American  Jurassic,  by  Charles  A.  White.  1886. 
8°.    41pp.     4  pi.    Price  5  cents. 

30.  Second  Contribution  to  the  Studies  on  the  Cambrian  Faunas  of  North  America,  by  Charles  Doo- 
little  Walcott.     1886.     8°.     369  pp.     33  pi.     Price  25  cents. 

31.  Systematic  Review  of  our  Present  Knowledge  of  Fossil  Insects,  including  Myriapods  and  Arach- 
nids, by  Samuel  Hubbard  Scudder.     1886.    8°.     128  pp.    Price  15  cents. 

32.  Lists  and  Analyses  of  the  Mineral  Springs  of  the  United  States;  a  Preliminary  Study,  by  Albert 
C.  Peale.     1886.     8°.     235  pp.     Price  20  cents. 

33.  Notes  on  the  Geology  of  Northern  California,  by  J.  S.  Diller.     1886.    8°.    23  pp.    Price  5  cents. 

34.  On  the  relation  of  the  Laramie  Molluscan  Fauna  to  that  of  the  succeeding  Fresh-water  Eocene 
and  other  groups,  by  Charles  A.  White.     1886.    8°.     54  pp.    5  pi.    Price  10  cents. 

35.  Physical  Properties  of  the  Iron-Carburets,  by  Carl  Barus  and  Vincent  Strouhal.  1886.  8°.  62 
pp.    Price  10  cents. 

36.  Subsidence  of  Fine  Solid  Particles  in  Liquids,  by  Carl  Barus.    1886.    8°.    58  pp.    Price  10  cents. 

37.  Types  of  the  Laramie  Flora,  by  Lester  F.  Ward.     1887.     8°.     354  pp.     57  pi.     Price  25  cents. 

38.  Peridotite  of  Elliott  County,  Kentucky,  by  J.  S.  Diller.     1887.     8°.     31  pp.     1  pi.     Price  5  cents. 

39.  The  Upper  Beaches  and  Deltas  of  the  Glacial  Lake  Agassiz,  by  Warren  Upham.  1887.  8°.  84 
pp.    1  pi.    Price  10  cents. 

40.  Changes  in  River  Courses  in  Washington  Territory  due  to  Glaciation,  by  Bailey  Willis.  1887. 
8°.    10  pp.    4  pi.    Price  5  cents. 

41.  On  the  Fossd  Faunas  of  the  Upper  Devonian— the  Genesee  Section,  New  York,  by  Henry  S. 
Williams.    1887.    8°.    121pp.    4  pi.    Price  15  cents. 

42.  Report  of  work  done  in  the  Division  of  Chemistry  and  Physics,  mainly  during  the  fiscal  year 
1885-'86.    F.  W.  Clarke,  chief  chemist.     1887.    8°.     152  pp.     1  pi.    Price  15  cents. 

43.  Tertiary  and  Cretaceous  Strata  of  the  Tuscaloosa,  Tombigbee,  and  Alabama  Rivers,  by  Eugene 
A.  Smith  and  Lawrence  C.  Johnson.     1887.    8°.     189  pp.     21  pi.     Price  15  cents. 

44.  Bibliography  of  North  American  Geology  for  1886,  by  Nelson  H.  Darton.  1887.  8°.  35  pp. 
Price  5  cents. 

45.  The  Present  Condition  of  Knowledge  of  the  Geology  of  Texas,  by  Robert  T.  Hill.  1887.  8°.  94 
pp.    Price  10  cents. 

46.  Nature  and  Origin  of  Deposits  of  Phosphate  of  Lime,  by  R.  A.  F.  Penrose,  jr.,  with  an  Intro- 
duction by  N.  S.  Shaler.    1888.    8°.     143  pp.    Price  15  cents. 

47.  Analyses  of  Waters  of  the  Yellowstone  National  Park,  with  an  Account  of  the  Methods  of 
Analysis  employed,  by  Frank  Austin  Gooch  and  James  Edward  Whitfield.  1888.  8°.  84  pp.  Price 
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48.  On  the  Form  and  Position  of  the  Sea  Level,  by  Robert  Simpson  Woodward.  1888.  8°.  88  pp. 
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LETTER   OF   TR  ANSMITTAL. 


Department  of  the  Interior, 

U.  S.  Geological  Survey, 
Division  of  Geologic  Correlation, 

Washington,  I).  6'.,  January  30,  1892. 

Sir:  I  have  the  honor  to  transmit  herewith  a  memoir  by  Pro!'.  0.  R. 
Van  Hise  on  the  Archean  and  Algonkian  of  North  America,  prepared 
for  publication  as  a  bulletin. 

The  Division  of  Geologic  Correlation  was  created  for  the  purpose  of 
summarizing  existing  knowledge  with  reference  to  the  geologic  forma- 
tions of  North  America,  and  especially  of  the  United  States;  of  dis- 
cussing the  correlation  of  formations  found  in  different  parts  of  the 
country  with  one  another  and  with  formations  in  other  countries ;  and 
of  discussing  the  principles  of  geologic  correlation  in  the  light  of  Amer- 
ican phenomena.  The  formations  of  each  geologic  period  were  assigned 
to  some  student  already  well  acquainted  with  them,  and  it  was  ar- 
ranged that  he  should  expand  his  knowledge  by  study  of  the  literature 
and  by  field  examination  of  classic  localities,  and  embody  his  results  in 
an  essay.  The  general  plan  of  the  work  has  been  set  forth  on  page  10 
of  the  Ninth  Annual  Report  of  the  Survey,  and  on  pages  108  to  113  of 
the  Tenth  Annual  Report,  as  well  as  in  a  letter  of  transmittal  of  Bul- 
letin No.  80. 

The  present  essay  is  the  seventh  of  the  series,  having  been  preceded 
by  essays  on  the  Carboniferous  and  Devonian,  the  Cambrian,  the  Cre- 
taceous, the  Eocene,  the  Neocene,  and  the  Newark  systems;  prepared 
severally  by  Messrs.  Williams,  Walcott,  White,  Clark,  Dall  and  Harris, 
and  Russell,  and  constituting  Bulletins  80,  81,  82,  83,  84,  and  8~). 

The  voluminous  literature  of  the  pre-Cambrian  rocks  of  North  Amer- 
ica is  abstracted  in  a  thorough  manner,  being  classified  fortius  purpose 
primarily  by  geographic  districts  and  secondarily  by  dates.  The  di- 
vision of  the  rocks  into  two  great  classes,  the  Archean  and  Algonkian, 
taxonomically  coordinate  with  the  periods  under  which  the  fossil- 
iferous  clastic  rocks  are  classified,  is  then  advocated  and  set  forth  at 
length.  As  these  rocks  do  not  contain  fan n as  available  for  purposes  of 
correlation,  their  classification,  both   major  and   minor,  is  necessarily 
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based  on  physical  characters  and  relations,  and  mnch  attention  is 
therefore  given  to  the  discussion  of  the  possibilities  and  limitations  of 
correlation  by  means  of  physical  data.  It  is  concluded  that  with  pres- 
ent information  the  correlation  of  pre- Cambrian  series  and  formations 
of  different  geologic  provinces  is  impracticable. 
Very  respectfully,  your  obedient  servant, 

G.  K.  Gilbert, 
Geologist  in  charge. 
Hon.  J.  W.  Powell, 

Director  U.  S.  Geological  Survey, 
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This  book  is  a  review  of  the  present  state  of  knowledge  of  the  general  structure  of 
the  pre-Cambrian  rocks  of  the  United  States  and  Canada,  The  material  contained 
in  the  historical  chapters  is  of  two  kinds :  Summaries  of  all  articles  pertaining  to  the 
subject  considered,  and  summaries  of  the  conclusions  which  appear  to  be  established. 
The  first  represents  the  substance  of  the  literature ;  the  second  brings  together  the 
important  ascertained  structural  facts,  and  oftentimes  becomes  a  more  or  less  extended 
discussion.  The  final  chapter  covers  the  same  grounds  as  the  historical  chapters  for 
the  various  pre-Cambrian  general  successions  proposed  by  different  authors,  and  also 
contains  a  discussion  of  results  and  the  principles  upon  which  they  are  based.  Within 
the  chapters,  individual  districts  or  regions  are  given  separate  sections,  and  the  sum- 
mary of  literature  for  each  is  arranged  in  chronological  order.  As  used  in  this  vol- 
ume, the  term  Cambrian  is  defined  as  delimited  below  by  the  base,of  the  Olenellus 
fauna;  Algonkian  includes  the  pre-Olenellus  elastics  and  their  equivalent  cry  si  ;il- 
lines;  while  the  Archean  includes  the  completely  crystalline  rocks  below  the  Al- 
gonkian. 

The  several  chapters  have  the  following  scopes:  Chapter  I:  The  Original  Lauren- 
tian  and  Huronian  areas — treats  of  eastern  Ontario  and  western  Quebec,  and  the  area 
from  the  north  channel  of  lake  Huron  to  lake  Temiscamang.  Chapter  II:  Lake 
Superior  Region— summarizes  the  work  of  the  official  geologists  of  the  Canadian 
Survey  and  associates,  of  the  early  United  States  geologists  and  associates,  of  the 
Michigan  geologists  and  associates,  of  the  Wisconsin  geologists  and  associates,  of 
the  Minnesota  geologists  and  associates,  of  the  later  United  States  geologists  and 
associates,  and  gives  a  summary  and  discussion  of  results.  Chapter  III :  The  Great 
Northern  Area — treats  of  the  region  about  Hudson  bay,  northern  Canada,  and  the 
lower  St.  Lawrence  river  region.  Chapter  IV :  Eastern  Canada  and  Newfoundland — 
treats  of  the  Eastern  townships,  Gaspe  peninsula,  central  New  Brunswick,  southern 
New  Brunswick,  Nova  Scotia  and  cape  Breton,  and  Newfoundland.  Chapter  V: 
Isolated  Areas  of  Dakota,  Missouri  and  Texas — treats  of  the  Black  hills,  the  pre- 
Cambrian  of  Missouri,  and  the  central  Mineral  region  of  Texas.  Chapter  VI:  The 
Cordilleras — treats  of  the  many  mountain  ranges  in  the  far  west.  Chapter  VII : 
Eastern  United  States — treats  of  the  New  England,  Middle  Atlantic,  and  Southern 
Atlantic  states.  Chapter  VIII:  General  Successions  and  Discussions  of  Principles — 
summarizes  the  various  general  successions  proposed,  suggests  one,  and  discusses  the 
principles  of  pre-Cambrian  stratigraphy. 

The  more  important  conclusions  of  this  chapter  are  as  follows :  The  Archean  is  the 
basal  complex  of  America.  It  has  everywhere,  if  large  areas  are  considered,  an 
essential  likeness.  It  consists  mainly  of  granitic,  gneissic  and  schistic  rocks,  among 
which  are  never  found  beds  of  quartzite,  limestone,  or  any  other  indubitable  elastics. 
One  kind  of  rock  may  occupy  considerable  areas,  but  when  different  kinds  are  asso- 
ciated their  structural  relations  are  most  intricate.  These  relations,  as  well  as  the 
completely  crystalline  schistose  character  of  the  rocks,  the  frequent  broken  and  dis- 
torted forms  of  the  mineral  constituents,  and  their  involuted  foldings,  are  evidence 
that  these  most  ancient  rocks  have  passed  through  repeated  powerful  dynamic  move- 
ments. 

As  to  the  origin  of  the  Archean  rocks,  three  different  views  are  proposed  :  (1)  They 
may  be  considered  as  metamorphosed  detrital  rocks.  (2)  They  .may  be  considered  as 
igneous  and  later  in  origin  than  certain  of  the  pre-Cambriati  elastics.  (3)  They  may 
be  considered  as  igneous  and  representing  either  a  part  of  the  earth's  original  crust 
or  else  originally  crystallized  material  which  has  now  reached  the  surface  ;is  a  conse- 
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quence  of  inward  crystallization  and  subsequent  deep  denudation.  The  Archean 
rocks  have  no  limit  below,  but  are  limited  above  by  the  Algonkian.  While  structural 
methods  have  been  applied  to  the  Archean  rocks,  they  have  not  thus  far  been  suc- 
cessful, and  the  only  subdivisions  which  are  at  present  applicable  are  those  of  a 
lithological  character. 

In  various  parts  of  North  America  are  one  or  more  series  of  clastic  rocks  between 
the  Archean  and  Cambrian.  These  occur  in  the  Original  Laurentian  area,  the  Orig- 
inal Huronian  area,  in  the  lake  Superior  region,  in  the  region  about  Hudson  bay,  in 
the  Eastern  townships,  in  southern  New  Brunswick,  in  Nova  Scotia  and  cape  Breton, 
in  Newfoundland,  in  the  Black  hills,  in  Missouri,  in  Texas,  in  many  ranges  of  the 
Cordilleras,  in  the  Grand  canyon  of  the  Colorado,  in  British  Columbia,  in  the  Adi- 
rondacks,  and  in  other  areas.  Within  these  rocks,  in  many  localities,  are  evidences 
of  abundant  life,  and  in  a  few  places  are  definitely  recognized  fossils.  The  U.  S. 
Geological  Survey,  recognizing  that  it  is  too  early  to  classify  the  great  thicknesses 
of  rocks  between  the  Archean  and  the  Cambrian  in  North  America  into  systems  co- 
ordinate in  value  with  those  of  the  subdivisions  of  the  Paleozoic,  has  proposed  the 
term  Algonkian  for  the  whole.  The  Algonkian  system  is  then  delimited  below  by 
the  Archean  and  above  by  the  Cambrian. 

In  many  regions  it  is  easy  to  differentiate  the  Algonkian  from  other  rocks.  This 
is  especially  true  where  they  are  separated  from  them  by  unconformities.  In  other 
regions  it  is  difficult  to  separate  them  from  the  Archean  and  Cambrian  rocks,  as 
there  sometimes  appear  to  be  gradations  between  them.  In  this  respect  the  Algon- 
kian system  is  in  no  way  different  from  others. 

Algonkian  stratigraphy  is  more  difficult  than  post- Algonkian  stratigraphy;  be- 
cause the  further  back  we  go  in  the  history  of  the  world  for  any  given  region  the 
more  numerous  and  frequent  have  been  the  changes  through  which  any  given  rock 
stratum  has  passed;  and  because  as  yet  fossils  have  not  been  found  in  sufficient 
quantity  to  be  of  any  assistance  in  stratigraphy.  However,  in  many  regions  it  has 
been  possible  to  subdivide  the  Algonkian  rocks  into  series  and  these  series  into  for- 
mations. In  different  regions  these  formations  and  series  differ  widely  in  the  degree 
of  crystallization,  in  their  lithological  character,  and  in  their  order  of  succession. 
In  this  respect  Algonkian  rocks  are  not  different  from  those  of  post-Algonkian  age. 
Considering  the  continent  as  a  whole,  age  is  no  guide  to  the  chemical  or  mineral  com- 
position, texture,  color,  degree  of  crystallization,  or  any  other  property  of  a  forma- 
tion, or  vice  versa,  although  in  a  given  district  or  region  any  one  of  them  may  be- 
come important  guides  in  stratigraphy. 

In  certain  regions  it  has  been  found  possible  to  correlate  series  with  a  great  de- 
gree of  probability  and  in  some  cases  formations  which  occur  in  different  districts. 
In  regions  separated  from  each  other  by  great  distances,  and  which  therefore  may 
have  had  different  physical  conditions  at  the  same  period,  it  is  not  yet  possible  to 
make  safe  correlations  of  subdivisions  of  the  Algonkian  of  America.  If  this  con- 
clusion be  correct,  it  is  evident  that  the  application  of  such  American  terms  as 
Keweenawan,  Huronian,  etc.,  to  European  rocks  is  not  warranted.  In  working  out 
the  geology  of  a  region,  local  names  should  be  applied  to  formations  and  series. 
Later,  with  fuller  knowledge,  these  may  perhaps  be  correlated  with  series  to  which 
classical  names  have  been  applied. 

Physical  methods  of  correlation  being  the  only  ones  at  present  available,  it  becomes 
necessary  to  closely  scrutinize  these  methods,  estimate  their  relative  value,  and  point 
out  the  services  that  each  may  be  expected  to  perform.  Of  these  methods  uncon- 
formity must  be  given  the  foremost  place  for  major  divisions  within  a  region. 
Unconformity  may  be  established  by  any  one  of  the  following  phenomena,  or  by  a 
combination  of  two  or  more  of  them :  (1)  Ordinary  discordance  of  bedding ;  (2)  differ- 
ence in  the' number  of  dynamic  movements  to  which  the  series  have  been  subjected; 
(3)  discordance  of  bedding  of  upper  series  and  foliation  of  lower;  (4)  relations  with 
eruptives;  (5)  difference  in  degree  of  crystallization;  (6)  basal  conglomerates;  (7) 
general  field  relations. 
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In  the  preparation  of  this  book  great  difficulty  has  been  encountered 
because  of  the  unequal  value  of  statements  of  fact  by  different  men. 
Oftentimes  in  regions  with  which  the  writer  is  not  familiar  it  is  impossible 
to  discriminate  surely  between  good  and  poor  work.  In  certain  cases 
in  which  reports  have  read  plausibly,  an  examination  of  the  purported 
facts  in  the  field  with  the  accounts  in  hand  has  shown  the  descriptive 
parts  to  be  so  inaccurate  as  to  render  the  conclusions,  while  apparently 
well  founded,  wholly  valueless.  But  in  general,  when  an  author  of  this 
class  has  written  much,  discrepancies  between  the  statements  of  facts 
appear. 

Those  who  change  their  opinions  are  of  different  classes.  A  man  who 
progresses  must  change  his  views,  but  the  descriptive  parts,  given 
while  an  old  view  was  held,  ought  to  be  still  more  useful  for  support  of 
the  new  position.  The  old  view  may  have  contained  a  large  clement  of 
truth,  and  is  perhaps  included  in  the  newer,  larger  position.  In  reports 
the  part  that  purports  to  be  facts  should  be  wholly  separable  from 
the  general  theories  held,  just  as  detailed  maps,  if  rightly  constructed, 
indicate  the  observations  made  and  the  generalizations  drawn.  More 
frequently  than  not,  facts  and  theories  are  so  inextricably  mingled 
that  no  independent  judgment  can  be  reached  as  to  the  correctness 
of  the  conclusions,  and  often  the  facts  of  a  report  can  not  be  used  even 
by  one  personally  familiar  with  the  districts  of  which  the  report  treats. 
The  conclusions  of  another  class  of  geologists  are  a  series  of  guesses, 
which  generally  serve  no  purpose  except  that  when  any  one  of  the 
numerous  guesses  has  been  established  by  the  patient  work  of  an  inves- 
tigator, the  conclusion  is  at  once  claimed  as  a  prior  discovery  of  the 
guesser.  Sometimes  the  discoveries  announced  by  a  writer  almost  or 
quite  simultaneously,  are  wholly  inconsistent  with  one  another  and 
with  the  facts  which  are  described;  for  as  with  other  men,  so  with 
geologists,  many  opinions  are  held  at  the  same  time  which  logically 
are  exclusive  of  one  another.  Still  another  group  of  writers  early 
reach  a  general  theory  as  to  the  definite  order  of  the  evolution  of  the 
world.  A  person  of  this  group  year  after  year  repeats  the  old  state- 
ments and  conclusions  without  any  reference  to  the  establishment  of 
their  falsity.  More  often  than  not,  he  is  one  who  has  done  little  or 
no  systematic  detailed  field  work  in  any  region.  All  facts  and  conclu- 
sions which  bear  in  his  direction  are  hailed  as  discoveries;  "  all  is  grist 
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which  comes  to  his  mill ; "  while  every  adverse  fact  or  conclusion  is  ex- 
plained out  of  existence  or  dismissed  as  unworthy  of  consideration. 

By  following  continuously  the  summaries  of  the  writings  of  a  geolo- 
gist who  has  been  long  at  work  in  a  region  it  will  generally  not  be  diffi- 
cult to  get  a  fairly  accurate  idea  of  the  value  of  the  work  done. 

During  the  preparation  of  this  review,  I  have  visited  many  districts 
of  North  America,  but  I  have  not  been  able  to  see  important  districts 
which  I  hoped  to  study  before  the  submission  of  this  volume.  With 
the  United  States  side  of  the  lake  Superior  country  I  am  tolerably 
familiar,  having  for  a  number  of  years  given  nearly  the  fall  field  seasons 
to  work  in  various  parts  of  this  region.  Besides  doing  general  work, 
I  have  mapped  in  detail  certain  districts.  From  time  to  time  various 
parts  of  the  Canadian  lake  Superior  region  have  been  visited.  While 
no  systematic  mapping  work  has  been  done  in  regions  other  than  that 
of  lake  Superior,  reconnaissances  and  occasional  detailed  sections  have 
been  made  in  many.  In  the  far  West  these  include  the  Black  hills  of 
Dakota,  southwestern  Montana,  the  Laramie  and  Medicine  Bow  moun- 
tains of  Wyoming ;  the  Uinta  and  Wasatch  mountains  of  Utah ;  and  the 
Quartzite  mountains  and  Front  range  of  Colorado.  In  the  Mississippi 
valley  the  crystalline  region  of  Missouri  has  been  seen.  In  company 
with  Raphael  Pumpelly,  Bailey  Willis,  J.  A.  Holmes,  C.  D.  Walcott,  G.  H. 
Williams,  R.  W.  Ells,  or  alone,  more  or  less  extended  trips  have  been 
made  in  Georgia,  east  Tennessee,  North  Carolina,  eastern  Maryland,  east- 
ern Pennsylvania,  northern  New  Jersey,  southern  New  York,  the  Berk- 
shire hills,  Green  mountains,  Adirondacks,  Hastings  district  of  Ontario, 
and  the  area  of  the  Grenville  series  constituting  the  Original  Laurentian. 
For  the  most  part  this  work  has  not  been  of  such  a  detailed  nature  as 
to  add  greatly  to  previous  knowledge  of  these  regions.  The  aim  has 
been  rather  to  get  such  a  familiarity  with  them  as  would  enable  the 
writer  to  judge  accurately  of  the  results  already  reached.  This  state- 
ment does  not  apply  to  a  part  of  the  Adirondacks,  where  a  somewhat 
closer  study  was  made;  also,  in  North  Carolina  a  nearly  complete  sec- 
tion was  made  from  the  eastern  side  of  the  Piedmont  plain  through  the 
Blue  ridge  to  the  uncrystalline  rocks  of  east  Tennessee.  The  Original 
Huronian  area  has  been  seen  at  three  different  times.  The  first  time, 
in  company  with  the  late  Dr.  R.  D.  Irving,  the  North  channel  was 
coasted  in  a  small  boat  and  the  interior  visited,  so  that  all  of  Logan's 
members  of  this  series  were  seen,  as  well  as  the  underlying  Laurentian. 
In  a  second  trip,  also  in  company  with  Prof.  Irving,  the  Canadian  Pa- 
cific railroad  was  traversed  twice  on  a  hand  car  from  Algoma  Mills  to 
Sudbury,  a  distance  of  100  miles.  The  third  trip,  with  Prof.  Raphael 
Pumpelly,  was  again  along  the  North  channel  of  lake  Huron,  the  object 
of  special  study  being  the  possible  existence  of  two  series  within  the 
Huronian,  and  the  structural  relations  between  the  lowest  Huronian 
and  the  Laurentian. 
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The  labor  involved  iu  abstracting-  the  pre-Cambrian  literature  of 
North  America  has  been  great.  This  is  shown  by  the  large  number  of 
books  and  articles  actually  summarized.  These,  however,  give  an  im- 
perfect idea  of  the  volume  of  literature  covered;  for  very  numerous 
articles  have  been  examined  which  repeat  what  had  already  been  sum- 
marized from  other  papers.  Also  a  vast  amount  of  material  from  which 
nothing  is  taken  has  been  looked  through,  in  order  to  ascertain  whether 
it  contained  anything  which  ought  to  be  considered.  In  all  cases 
summaries  are  made  from  the  original  articles,  with  the  exception  of 
a  part  of  the  section  upon  northern  Canada.  Nearly  the  entire  litera- 
ture of  the  geology  of  this  region  has  recently  been  clearly  compiled  by 
Br.  George  M.  Dawson,  and  from  this  compilation  the  major  part  of  the 
summary  for  this  region  is  taken. 

To  a  card  catalogue  of  the  Appalachians  by  N.  H.  Darton,  to  Azoic 
Eocks  and  other  works  by  Hunt,  to  the  Minnesota  reports,  to  the  Azoic 
System  by  Whitney  and  Wads  worth,  to  living's  Copper-bearing  Eocks, 
and  also  to  many  other  works  the  writer  is  much  indebted  as  furnishing 
guides  to  the  pre-Cambrian  literature.  In  this  way  Barton's  catalogue 
and  the  Azoic  System  have  been  by  far  the  most  valuable.  After  in- 
dependently preparing  abstracts  of  papers  and  reports  I  have  compared 
them  with  the  abstracts  contained  in  the  Azoic  System  in  order  to  dis- 
cover omissions,  and  this  book  has  thus  enabled  me  to  make  the  sur- 
vey of  literature  more  nearly  complete  than  it  otherwise  would  have 
been.  To  a  certain  extent  other  books  have  been  used  in  the  same 
fashion. 

Mr.  W.  N.  Merriam  has  drawn  all  the  maps  for  the  illustration  of  the 
volume.  To  Mr.  George  E.  Luther  the  writer  is  indebted  for  most  effi- 
cient clerical  assistance  from  the  outset,  without  which  it  would  have 
been  impossible  to  complete  this  volume  within  the  time  allotted. 

To  Sir  Archibald  Geikie,  Br.  Hans  Eeusch,  Br.  K.  A.  Lossen,  Michel- 
Levy,  and  Br.  Johannes  Lehmann  I  am  indebted  for  summary  statements 
of  the  condition  of  knowledge  with  reference  to  the  pre-Cambrian  of 
Great  Britain,  France,  Germany  and  Scandinavia. 

With  Messrs.  C.  B.  Walcottj  G.  H.  Williams,  Bailey  Willis,  and  E,  W. 
Ells  I  have  been  in  the  field  and  in  consultation,  and  from  them  have 
received  much  useful  information. 

Mr.  G.  K.  Gilbert  has  kindly  read  the  manuscript,  and  has  made  many 
suggestions  which  have  been  of  value. 

To  the  late  Prof.  Roland,  B.  Irving,  and  to  Prof.  Raphael  Pumpelly  I 
am  indebted  in  a  peculiar  manner.  With  the  former  I  was  associated 
in  work  from  my  earliest  studies  in  geology  until  his  death.  With 
the  latter  I  have  been  much  in  the  field  for  the  last  two  seasons  and 
have  received  many  pregnant  ideas.  What  part  of  the  thoughts  con- 
tained come  from  these  two  friends  I  am  unable  to  specify  in  detail,  but 
I  am  conscious  that  the  debt  is  a  heavy  one. 
Bull.  86 2 
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No  one  else  will  feel  so  keenly  the  imperfections  of  this  volume  as  the 
writer.  Papers  will  be  found  to  be  overlooked  of  which  summaries  ought 
to  have  been  made.  Mistakes  of  interpretation  will  be  found.  Undue 
proportion  in  the  summaries  will  be  discovered.  I  can  only  say  that 
I  have  attempted  to  reduce  these  defects  to  a  miuimum.  It  will  be 
esteemed  a  great  favor,  with  reference  to  a  possible  future  edition,  if 
all  who  discover  such  omissions  and  mistakes  will  communicate  them 
to  the  writer. 

c.  e.  v. 

Madison,  Wis.,  July,  31, 1891. 


A  REVIEW  OF  THE  PRESENT  STATE  OF  KNOWLEDGE 
OF  THE  PRE-CAMBRIAN  ROCKS  OF  NORTH  AMERICA. 


By  0.  R.  Van  Hise. 


INTRODUCTION. 

The  purpose  of  this  book  is  to  give  an  account  of  the  present  state  of 
knowledge  of  the  general  structure  of  the  pre-Cambrian  of  the  United 
States  and  Canada.  It  is  not  a  bibliography  of  pre-Cambrian  litera- 
ture, nor  a  petrography  of  the  pre-Cambrian  rocks,  nor  a  treatment  of 
metamorphism,  nor  an  account  of  economic  facts.  Mere  occurrences  of 
pre-Cambrian  or  crystalline  rocks  are  not  referred  to  unless  the  districts 
are  new.  Petrography,  metamorphism,  and  economic  geology  are  con- 
sidered only  so  far  as  they  have  a  direct  bearing  upon  structural  re- 
sults, and  then  the  substance  of  the  established  conclusions  is  given 
rather  than  the  facts  upon  which  they  are  based  and  the  manner  of 
reaching  them. 

The  material  contained  in  the  historical  chapters  of  this  volume  is  of 
two  kinds:  First,  a  summary  of  all  articles  or  parts  of  articles  which 
have  contributed  knowledge  upon  the  subject  considered;  and  second, 
summaries  of  the  conclusions  which  appear  to  be  established  in  the 
various  regions,  while  the  final  chapter  covers  the  same  ground  for 
general  successions  proposed  and  also  a  discussion  of  these  results  and 
the  principles  upon  which  they  are  based.  IsTo  summaries  are  made  of 
writings  based  wholly  upon  the  field  work  and  reports  of  others.  This 
report  is  not  a  review  of  reviews  j  neither  is  purely  controversial  liter- 
ature noticed.  When  a  paper  is  made  up  in  part  of  an  original  investi- 
gation and  of  a  discussion  of  the  works  of  others,  only  the  first  part  is 
summarized.  When  the  same  writer  repeats  the  same  facts  and  con- 
clusions several  times,  summary  is  made  of  the  most  comprehensive 
article  and  references  are  made  to  the  others  in  the  footnotes.1  Often- 
times a  final  report  includes  all  found  in  several  annual  reports.  In 
this  case  the  final  report  only  is  summarized.  In  making  summaries 
the  conclusions  reached  by  the  various  authors  are  always  given,  and 
as  full  an  account  of  the  facts  upon  which  they  are  based  as  is  possible 
without  extending  this  book  beyond  bounds. 

1  At  the  end  of  each  chapter. 
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The  abstracts  given  have  the  defects  of  all  summaries — a  certain 
amount  of  inaccuracy,  because  all  modifying  and  qualifying  facts  can 
not  be  given,  and  an  undue  amount  of  emphasis  in  the  conclusions.  In 
regions  in  which  much  work  has  been  done  these  defects  are  not  so 
serious  as  in  little  studied  regions,  for  in  the  former  the  observations 
of  independent  observers  confirm  or  neutralize  each  other. 

So  far  as  possible,  in  the  summaries,  the  original  language  of  the 
author  is  used,  although  a  single  sentence  of  the  summary  may  be  taken 
from  several  sentences  of  the  original.  Where  the  ideas  can  be  con- 
veyed in  a  briefer  manner  than  in  the  original  language  other  words 
are  used.  No  quotations  are  made;  for  the  ideas  contained,  whether 
in  the  original  language  or  not,  are  wholly  the  ideas  of  the  author — the 
whole  is  in  fact  really  quoted.  It  might  be  thought  that  better  results 
would  have  been  reached  by  indicating  through  quotations  what  words 
are  taken  from  the  original,  but  this  method  would  have  necessitated 
an  unpleasant  and  constant  alternation  from  quoted  to  nonquoted 
phrases.  It  would  have  made  it  much  more  difficult  to  convey  briefly 
the  thoughts  of  the  original ;  for  the  words  which  are  adapted  to  com- 
plete expositions  are  often  not  the  best  adapted  to  a  resume.  At  first 
the  plan  of  quoting  was  followed,  but  this  was  abandoned,  because  it 
was  seen  that  carrying  it  out  would  add  greatly  to  the  size  of  this 
volume  without  enhancing,  if  indeed  it  did  not  diminish,  the  accuracy 
and  comprehensiveness  of  the  review. 

Due  proportion  should  be  maintained  between  the  abstracts  of  the 
various  writings.  Frequently  a  short  article  contains  much  more  of 
structural  importance  than  one  of  far  greater  length,  although  the 
longer  article  may  contain  much  of  interest  which  does  not  come  within 
the  scope  of  the  paper.  Into  the  summaries  the  editor  enters  only  in 
so  far  that  he  must  of  necessity  take  what  appears  to  him  important 
and  omit  what  appears  unimportant.  Undoubtedly  in  this  respect  many 
mistakes  are  made;  future  investigations  will  show  that  omitted  facts 
and  conclusions  have  greater  importance  than  now  appears;  but  a  per- 
fectly rnoportioned  summary  could  be  made  only  by  perfect  knowledge. 

The  necessarily  brief  summaries  will  perhaps  serve  the  purposes  of 
those  who  are  interested  in  the  general  stratigraphy  of  the  pre-Oam- 
brian.  They  will  not  answer  for  those  who  wish  to  understand  in 
detail  the  structure  of  any  given  region.  For  this  local  details  are  nec- 
essary. As  the  summaries  are  not  made  with  reference  to  upholding 
any  theory,  they  of  necessity  will  fail  to  give  all  the  facts  which  bear 
upon  any  particular  hypothesis.  But  even  for  these  special  purposes 
it  is  hoped  this  volume  may  be  found  sufficiently  full  to  be  useful,  and 
it  certainly  will  assist  in  directing  to  the  important  literature. 

In  the  discussion  the  aim  has  been,  not  to  call  attention  to  all  that 
seems  to  be  erroneous,  but  first  to  point  out  where  there  is  harmony 
between  the  different  authors,  often  veiled  because  terms  are  used 
with  different  significations;  and,  second,  to  note  the  important  conclu- 
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sions  which  have  been  clearly  determined.  Statements  and  conclu- 
sions with  which  the  writer  does  not  agree  are  in  general  not  criti- 
cised nor  is  any  refutation  attempted,  unless  the  point  at  issue  is  one  of 
such  a  fundamental  character  that  it  can  not  be  overlooked. 

The  maps  are  in  all  cases  compiled  from  the  original  sources,  and,  like 
the  summaries,  have  whatever  excellence  or  defects  the  original  work 
has.  In  many  cases  the  editor  feels  assured  that  the  maps  will  need  to 
be  materially  modified,  but  he  has  not  the  detailed  knowledge  necessary 
to  make  the  modifications.  The  generalized  character  of  the  bounda- 
ries is  often  indicated  by  the  fact  that  they  are  straight  lines.  It  need 
not  be  said  that  true  geological  boundaries  are  not  of  this  nature  in 
much  disturbed  regions.  In  the  Appalachians  the  maps  merely 
outline  the  crystalline  rocks.  Much  of  the  area  included  is  known  to 
belong  to  the  Paleozoic,  but  it  is  impossible  either  accurately  to  separate 
these  areas  or  to  subdivide  the  pre-Cambrian.  All  that  can  be  done 
in  many  areas  is  to  indicate  that  the  rocks  are  pre- Cambrian,  although 
it  is  oftentimes  certain  that  Algonkian  and  Archean  rocks  both  occur, 
which  have  not  been  separated  in  mapping.  In  a  few  regions,  not  only 
can  the  Archean  and  Algonkian  be  discriminated,  but  the  latter  has  been 
subdivided  into  series  and  these  into  formations.  There  are  then  on 
the  maps  all  grades  of  knowledge,  from  the  eastern  United  States, 
where  the  pre-Cambrian  is  not  outlined,  to  areas  in  which  pre-Cam- 
brian series  are  divided  into  formations.  The  maps,  as  the  summaries, 
are  a  resume  of  the  present  imperfect  knowledge. 

The  order  in  which  the  districts  are  taken  up  is  not  consistently 
geographical  or  geological,  but  rather  the  order  of  the  development 
of  exact  knowledge  of  the  pre-Cambrian  rocks.  The  great  Canadian 
pre-Cambrian  area  in  all  its  parts  is  a  geological  unit,  yet  the  de- 
tailed study  of  it  has  been  confined  somewhat  closely  to  particular 
regions;  and  of  necessity  the  regions  which  have  been  units  of  work 
have  to  be  followed  rather  than  a  strictly  logical  order.  Chapter  I  is 
devoted  to  the  original  Laurentian  and  original  Huroni an  areas.  Chap- 
ter II  is  given  to  the  lake  Superior  region.  These  regions  are  taken 
first  because  the  exact  knowledge  of  the  pre-Cambrian  rocks  is  here 
greater  than  in  other  areas.  The  Appalachian  region,  although  tin' 
earliest  to  be  studied,  is  reviewed  last,  for  it  is  the  area  in  which  I  lie 
conditions  for  obtaining  exact  knowledge  are  the  least  favorable,  and 
about  which  comparatively  little  structural  knowledge  of  the  pre-Cam- 
brian has  been  acquired. 

In  the  summaries  of  the  individual  districts  the  order  is  that  of  ap- 
pearance of  the  papers.  By  giving  the  entire  summary  of  the  literati  ire 
of  one  district  before  taking  up  another,  epitomes  of  parts  of  a  single 
paper  are  necessarily  dissociated.  By  this  method  something  of  corre- 
lation is  lost;  but  purely  general  work  is  summarized  in  the  general 
chapter  and  the  subject  of  correlation  is  bere  treated. 
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In  regard  to  regions  like  the  Appalachians  and  California,  in  which 
post-Cambrian  rocks  have  become  completely  crystalline  and  have  been 
for  many  years  and  are  yet  confused  with  pre-Cainbrian  rocks,  sum- 
maries unavoidably  extend  beyond  the  proper  scope  of  this  paper.  Of 
series  which  were  in  the  past  supposed  to  be  pre  Cambrian,  but  which 
have  been  demonstrated  to  be  Cambrian  or  post-Cambrian,  the  fact 
is  mentioned,  but  the  literature  which  concerns  them  is  not  sum- 
marized, since  it  does  not  fall  within  the  scope  of  this  paper.  The  par- 
ticular position  which  such  formations  shall  take  in  Cambrian  or  post- 
Cambrian  time  is  a  subject  for  others  to  consider. 

Of  necessity  the  eruptives  which  have  not  been  differentiated  from 
the  pre-Cambrian  have  to  be  considered.  Oftentimes  it  is  quite  proba- 
ble that  eruptives  noted  belong  to  post-Cambrian  time.  No  paper  it? 
summarized  bearing  upon  the  unmistakable  Cambrian  or  post-Cam- 
brian eruptives  unless  it  has  a  direct  bearing  upon  the  character  or  re- 
lations of  the  associated  rocks  of  pre-Cambrian  age. 

All  references  to  literature  are  given  at  the  ends  of  the  respective 
chapters,  the  reference  notes  having  continuous  numbers.  Tu  the  dis- 
cussions closing  sections  or  chapters  and  in  the  general  chapter  cita- 
tions are  not  repeated.  The  original  source  of  any  statement  attrib- 
uted to  an  author  may  always  be  found  by  the  aid  of  the  index,  where 
the  name  of  each  author  is  followed  by  references  to  the  pages  where 
his  work  is  summarized. 

The  terms  group,  system,  series,  are  used  with  the  strati  graphical 
significance  given  them  by  the  International  Geological  Congress.  The 
corresponding  chronological  terms  era  and  period  are  used.  Forma- 
tion is  used  as  one  of  the  members  of  a  series,  as  quartzite  formation 
or  limestone  formation  of  the  Huronian  series.  The  term  u  crystalline 
schist "  is  rigidly  confined  to  rocks  which  have  a  "  completely  crystal- 
line interlocked  texture,  which  is  possessed  of  a  schistose  parting  due 
to  a  parallel  or  foliated  arrangement  of  the  mineral  ingredients,  or  of 
aggregations  of  these  ingredients."  The  finely  banded  gneisses  are 
typical  examples.  All  rock  masses  which  within  themselves  show  in- 
dubitable evidence  of  clastic  origin  are  excluded  from  the  crystal- 
line schists  and  are  regarded  as  semi  or  partially  crystalline.  A  clastic 
or  semi-crystalline  formation  may  grade  injto  a  crystalline  schist. 
-  In  the  summaries  of  results  and  in  the  general  discussion  (Chap- 
ter VIII),  unless  otherwise  stated,  the  term  Cambrian  is  delimited  below 
by  the  Olenellus  fauna.  The  term  Algonkian  is  a  system  term,  covering 
all  recognizable  pre-Cambrian  clastic  rocks.  The  term  Archean  is  a  co- 
ordinate-system term,  covering  all  pre- Algonkian  rocks.  It  therefore 
includes  only  completely  crystalline  rocks,  but  does  not  include  all  rocks 
of  this  kind,  as  noncrystalline  rocks  of  eruptive  and  sedimentary  ori- 
gin may  occur  in  Algonkian  or  post- Algonkian  time.  The  propriety  of 
these  usages  will  appear  in  what  follows. 


CHAPTER   I. 

THE    ORIGINAL    LAURENTIAN    AND    HURONIAN   AREAS, 
SECTION  T.  EASTERN  ONTARIO  AND  WESTERN  QUEBEC. 

LITERATURE. 

Logan,1  in  1847,  describes  between  the  Ottawa  and  Mattawa  rivers,  a 
metamorphic  series  of  rocks,  which,  in  its  highly  crystalline  character, 
belongs  to  the  order  named  by  Lyell  Primary.  They  are  called  meta- 
morphic,  because  their  aspect  is  such  as  to  lead  to  the  theoretical  be- 
lief that  they  may  be  ajicient  sedimentary  formations.  A  red  syenitie 
gneiss,  in  which  hornblende  and  mica  are  arranged  in  a  parallel  direc- 
tion, is  the  predominant  rock.  The  thickness  of  the  gneiss  is  not  ascer- 
tained. South  of  the  Mattawa  and  Ottawa  are  important  beds  of 
coarse  crystalline  limestone  interstratifled  with  the  gneiss  in  a  conform- 
able manner,  although  this  conformity  would  not  be  seen  in  a  small 
area,  because  of  the  minor  complicated  contortions.  One  section  at 
High  falls,  on  the  Madawaska,  has  a  thickness  of  1,351  feet,  and  eon 
sists  of  gneiss,  crystalline  limestone,  with  a  small  amount  of  micaceous 
fjuartz  rock,  the  gneiss  greatly  predominating.  The  areas  which  bear 
limestone  are  so  distinct  that  they  are  placed  as  a  separate  group  of 
metamorphic  strata,  supposed  from  their  geographical  position  and  gen- 
eral attitude  to  overlie  the  syenitie  group  conformably.  Both  of  the 
metamorphic  groups  are  frequently  traversed  by  dikes  and  veins,  in- 
cluding those  of  a  granitic  and  pyroxenic  character.  From  the  vicin- 
ity of  Quebec  the  limestone  group  ranged  along  the  St.  Lawrence,  a  dis- 
tance varying  from  10  to  20  miles,  reaches  the  seigniory  of  Argentenil, 
where  it  makes  a  turn  toward  the  valley  of  the  Ottawa,  is  seen  above 
Grenville,  and  is  last  seen  about  half  way  between  Fort  William  and 
Joachim  falls,  and  at  Portage  de  Talon,  on  the  Mattawa.  In  the  vicin- 
ity of  Grenville  the  limestone  is  plumbacenns. 

Logan,2  in  1852,  finds  a  metamorphic  and  gneissic  series  of  a  wide-' 
spread  occurrence  upon  the  river  du  Nord  and  the  country  to  the  west- 
ward. The  Potsdam  formation  rests  unconformably  upon  the  meta- 
morphic series. 

Murray,3  in  1852,  describes  a  metamorphic  series  upon  and  north  of 
the  Upper  St.  Lawrence.  On  the  Thousand  isles  are  micaceous  and 
hornblende  gneisses.  Crystalline  limestones,  quartzites,  and  conglom- 
merates  are  all  found  upon  the  mainland,  and  the  latter  is  cited  as 
decisive  evidence  of  the  metamorphic  character  of  the  series  as  a  whole. 


'For  notes  see  end  of  chapter,  p.  48. 
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Logan,4  in  1854,  applies  to  the  series  before  called  "  mctamorphic " 
underlying  the  fossiliferous  formations  of  Canada  the  name  Laurentian 
series,  because  metamorphic  is  applicable  to  any  series  of  altered  rocks. 
The  proposed  name  is  founded  on  that  given  by  Mr.  Garneau  to  the 
chain  of  hills  which  they  compose.  Above  the  Laurentian  series  is  the 
Potsdam  sandstone. 

Murray,5  in  1854,  remarks  that  south  of  the  Laurentian  series  are 
the  more  recent  fossiliferous  rocks.  The  Laurentian  series  consists  of 
masses  of  micaceous  and  hornblende-gneiss  and  masses  of  interstrati- 
fied  crystalline  limestone.  Intrusive  granite  is  found  in  the  gneiss. 
The  magnesian  crystalline  limestone  layers,  one  700  feet  thick,  are  per- 
sistent. A  section  of  gneiss,  mica-schist  and  quartzite,  all  sometimes 
garnetiferous,  and  two  belts  of  limestone,  together  140  feet  thick,  make 
up  a  succession  1,369  feet  thick  at  Birch  lake.  In  the  series  is  a  con- 
glomerate, the  matrix  of  which  in  one  case  is  a  limestone  and  the  peb- 
bles of  quartz  and  feldspar.  In  another  conglomerate  are  distinct  peb- 
bles in  a  talcose  slaty  matrix.  These  pebbles  are  sometimes  distinctly 
rounded  and  flattened,  the  flat  sides  always  lying  parallel  with  the  bed- 
ding. The  pebbles  vary  from  5  or  6  inches  in  diameter  to  those  so  small 
as  not  to  exceed  the  size  of  snipe  shot. 

Logan,6  in  1857,  describes  the  Laurentian  formation  for  some  dis- 
tance north  of  the  Ottawa  river  between  rivers  Eouge  and  du  Nord. 
The  rocks  are  found  to  be  limestone,  gneiss,  and  quartzite.  The  lime- 
stone formations  are  used  chiefly  in  working  out  the  structure,  but  even 
with  this  guide,  on  account  of  the  repetition  of  layers  by  folding  and 
lack  of  fossils,  the  work  is  very  difficult.  All  of  the  above  rocks  are 
taken  to  be  metamorphosed  sediments.  They  are  cut  by  eruptives,  such 
as  syenite,  porphyry,  and  greenstone,  which  are  older  than  the  fossil- 
iferous formations. 

Murray,7  in  1857,  finds  Laurentian  rocks  largely  exposed  between 
Georgian  bay  and  the  Ottawa  river.  The  rocks  are  red  and  gray 
gneisses,  micaceous  and  hornblendic  schists,  quartzite,  and  crystalline 
limestone.  On  lake  Mpissing  and  its  islands  is  found  the  Laurentian 
formation,  consisting  of  gneiss,  mica-schist,  hornblende  schist,  crystal- 
line limestone,  and  associated  with  this  beds  of  specular  ore.  Lime- 
stones are  also  found  along  Muskoka  river.  The  strata  are  everywhere 
more  or  less  corrugated,  in  many  places  exhibiting  sharp  and  compli- 
cated folding.  They  are  intersected  by  quartzo-feldspathic  and  quartz 
veins.  The  Laurentian  rocks  of  Georgian  bay  are  separated  from  the 
Huronian  north  of  lake  Huron  by  a  line  running  from  the  northwest 
side  of  Shibahahnahning  to  the  junction  of  the  Maskanongi  and  Stur- 
geon rivers,  its  course  being  in  a  northeasterly  direction. 

Hunt,8  in  1857,  states  that  stratified  feldspathic  rocks  are  closely  as- 
sociated with  the  crystalline  limestones,  which  alternate  with  gneissoid 
and  quartzose  rocks  of  the  Laurentide  mountains.  These  rocks,  besides 
containing  pyroxene,which  passes  over  into  hypersthene  and  a  triclinic 
feldspar,  contain  as  accidental  minerals,  mica,  garnet,  and  ilweuite. 


GEOLOGICAL   MAP  OF  A    PORTION  OF  CANADA 

SHOWING  PRE-CAMBRIAN  AND  CRYSTALLINE  ROCKS 
Compiled   from  Officii!  Map;,  ol  the  Canadian  Geo!    Survey 
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Logan,9  in  1858,  in  describing  the  Laurentian  of  Ottawa  thinks  it  prob- 
able that  it  can  be  divided  into  two  great  groups :  that  characterized 
by  the  presence  of  limestone  and  that  without,  and  the  latter  of  these 
groups  also  will  be  capable  of  subdivision.  Often  interstratified  with 
the  limestones  are  bands  of  quartzite  which  are  heaviest  near  the  junc- 
tion of  the  limestone  and  the  gneiss.  The  greatest  mass  of  quartzite 
is  beneath  the  limestone  and  is  400  feet  thick.  The  limestones  of 
the  Laurentian  are  influenced  in  their  strikes  and  dips  by  subsequent 
masses  of  igneous  rocks.  However,  to  these  rocks  as  a  whole,  as  well 
as  to  their  equivalent  throughout  Canada,  is  applied  the  term  Lauren- 
tian series,  from  the  Laurentide  range  of  mountains  from  lake  Huron  to 
Labrador,  which  are  comprised  of  this  rock. 

Logan,10  in  1859,  gives  an  elaborate  description  of  the  distribution  of 
the  limestones  along  the  Eouge  river.  There  are  found  to  be  two  belts 
which  are  regarded  as  interstratified  with  the  gneisses.  This  latter 
rock  is  sometimes  garnetiferous  and  occasionally  is  spoken  of  as  the 
quartzite.  The  total  thickness  of  rocks  exposed  on  the  Eouge  is  over 
22,000  feet,  of  which  over  5,000  is  limestone. 

Logan,11  in  1860,  finds  three  belts  of  limestone,  which  are  associated 
with  massive  orthoclase  gneiss,  mica-slate,  hornblende  rock,  and  quartz 
rock  together  15,000  feet  thick.  The  calcareous  bands  are  largely  asso- 
ciated with  labradorite,  and  beds  of  hornblende  rocks  and  quartz  rocks 
often  thickly  studded  with  pink  garnets.  One  of  the  beds  of  pure  white 
quartz  rock  is  a  thousand  feet  thick.  Certain  fossil-like  forms  have 
been  found  which  resemble  Stromatocerium.  The  strata  are  very  much 
folded. 

Logan,12  in  1863,  gives  a  general  account  of  the  pre-Potsdam  rocks, 
which  are  called  Azoic  and  are  divided  into  the  Huronian  series  and 
the  Laurentian  system.  In  the  Laurentian  system  are  included  anor- 
thosite,  orthoclase-gneiss,  granitoid  gneiss,  quartzite,  hornblende-schist, 
mica-schist,  pyroxene  and  garnet  rocks,  limestones  and  dolomites.  The 
anorthosites  are  composed  of  lime- soda  feldspar,  varying  in  compo- 
sition from  andesine  to  anorthite,  and  associated  with  pyroxene  or 
hypersthene.  The  orthoclase-gneiss  has  a  never  failing  constancy  in 
the  parallelism  of  its  mineral  constituents,  which,  however,  is  some- 
times obscure.  This  rock  is  usually  very  feldspathic  and  often  coarse 
grained.  With  the  feldspar  and  quartz  are  often  mica  and  hornblende. 
The  gneisses  appear  to  attain  several  thousand  feet  in  thickness,  but 
are  divided  at  unequal  intervals  by  hornblende  and  mica-schist  in 
which  the  stratification  is  more  distinct.  The  quartzites  are  in  consid- 
erable volume,  two  layers  of  which,  nearly  pure,  have  one  a  thickness 
of  400  and  the  other  a  thickness  of  600  feet.  The  masses  of  limestone 
are  generally  very  crystalline  and  coarse  grained,  but  sometimes  are 
saccharoidal.  The  bands  of  limestone  are  sometimes  of  great  thick- 
ness They  are  usually  not  pure,  but  contain  many  other  minerals, 
g  which  are  very  frequently  mica  and  graphite.  Among  the 
minerals  is  chondrodite.     The  iron   ore,    which  is  mostly  mag- 
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netite,  is  interstratified  with  or  not  far  removed  from  the  limestone 
bands.  Associated  with  the  limestones  are  dolomites,  which,  however, 
compose  distinct  beds. 

There  is  not  any  special  order  in  the  masses,  but  beds  of  hornblende 
rock  and  hornblende  schists  are  more  abundant  near  the  inter  stratified 
bands  of  limestone  than  elsewhere,  and  in  the  same  neighborhood  there 
usually  occurs  a  more  frequent  repetition  of  beds  of  quartzite  than  in 
other  parts.  Garnet  is  sometimes  disseminated  in  the  micaceous  and 
hornblendic  gneiss  and  quartzite  and  are  commonly  confined  to  the 
immediate  proximity  of  the  limestones.  The  limestones  and  gneiss 
beds  as  a  whole  are  generally  conformable  to  them.  It  often  happens 
that  a  subordinate  layer  of  gneiss  will  display  contortions  of  the  most 
complicated  description.  Notwithstanding  the  highly  crystalline  con- 
dition of  the  Laurentian  rocks,  beds  of  unmistakable  conglomeritic 
character  are  occasionally  met  with.  These  generally  occur  in  the 
quartzite  or  micaceous  beds.  The  intrusives  of  the  Laurentian  consist 
chiefly  of  syenite  and  greenstones.  The  greenstone  dikes  are  always 
interrupted  by  the  syenite  when  they  have  been  found  to  come  in  con- 
tact with  it,  and  the  latter  is  therefore  of  posterior  date.  A  mass  of 
intrusive  syenite'  occupies  an  area  of  about  36  square  miles  in  the 
townships  of  Grenville,  Chatham,  and  Wentworth.  It  is  cut  and  pen- 
etrated by  masses  of  a  porphyritic  character  which  are  therefore  of  a 
still  later  date. 

The  Laurentian  series  stretches  on  the  north  side  of  the  St.  Lawrence 
from  Labrador  to  Lake  Huron,  and  occupies  by  far  the  larger  portion 
of  Canada.  Its  strata  probably  possesses  a  very  great  thickness.  To 
determine  the  superposition  of  the  various  members  of  such  an  ancient 
series  is  a  task  which  has  never  yet  been  accomplished,  and  the  diffi- 
culties attending  it  arise  from  the  absence  of  fossils  to  characterize  its 
different  members.  Bands  of  crystalline  limestones  are  easily  distin- 
guished from  the  bands  of  gneiss,  but  it  is  scarcely  possible  to  know 
from  local  inspection  whether  any  mass  of  limestone  in  one  part  is 
equivalent  to  a  certain  mass  in  another  part.  They  all  resemble  one 
another  lithologically.  The  dips  avail  but  little  in  tracing  out  the  struc- 
ture, for  in  numerous  folds  in  the  series  the  dips  are  overturned,  and  the 
only  reliable  mode  of  working  out  the  physical  structure  is  to  continu- 
ously follow  the  outcrop  of  each  important  mass  in  all  its  windings  as 
far  as  it  can  be  traced,  until  it  becomes  covered  by  superior  strata,  is 
cut  off  by  dislocation,  or  disappears  by  thinning  out. 

Several  sections  are  described  in  detail.  The  general  section  is  as 
follows,  in  ascending  order:  Orthoclase-gneiss,  5,000  feet;  Trembling 
lake  limestone,  1,500  feet;  orthoclase-gneiss,  4,000  feet;  Great  Beaver 
lake  and  Green  lake  crystalline  limestone,  including  inters tratified  beds 
of  garnetiferous  and  hornblendic  gneiss,  2,500  feet;  orthoclase-gneiss, 
the  lower  part  having  several  bands  of  quartzite,  3,500  feet;  Grenville 
crystalline  limestoue,  750  feet;  orthoclase  gueiss,  1,580  feet;   Proctor's 
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lake  limestone,  20  feet;  orthoclase-gneiss,  including  quartzite,  3,400 
feet;  anorthosite,  thickness  (wholly  conjectural),  10,000  feet;  total, 
32,750  feet.  In  the  limestones  are  fossil-like  forms  which  resemble 
Stromatojwra  rugosa.  Accompanying  the  account  of  the  Laurentian  is 
a  detailed  map  of  it  in  parts  of  the  counties  of  Terrebonne,  Argentenil, 
and  Two  Mountains. 

The  anorthosite  probably  overlies  the  Grenville  series  uncomformably. 
It  is  remarked  that  if  the  two  inferior  limestone  bands  of  the  Gren- 
ville series  disappear  on  reaching  the  margin  of  the  anorthosite,  it  is 
conclusive  evidence  of  the  existence  in  the  Laurentian  system  of  two 
immense  sedimentary  formations,  the  one  superimposed  unconformably 
upou  the  other,  with  probably  a  great  difference  of  time  between  them. 

Logan,12  in  1863,  first  describes  a  part  of  what  was  later  called  the 
Hastings  series.  In  ascending  order  are  found  contorted  gneiss  and 
micaceous  schists  cut  by  red  syenite  veins.  Above  this  comes  crys- 
talline limestone,  and  north  of  the  village  of  Madoc,  still  in  ascending 
order,  occurs  a  somewhat  micaceous  schist,  Avhich  contains  numerous 
fragments  of  rock  in  character  different  from  the  matrix,  some  of  them 
resembling  syenite  or  greenstone.  The  pebbles  are  in  places  distinctly 
rounded. 

BiGSBY,13  in  1864,  states  that  crystalline  limestones  occur  in  bands 
from  50  to  1,500  feet  thick  at  Gananoque,  on  the  lake  of  the  Thousand 
isles,  and  on  the  Mattawa.  The  bands  of  marble  are  tortuous,  and 
between  them  are  sometimes  found  corrugated  seams  of  gneiss.  Con- 
glomerates and  grits  occur  at  Bastard,  on  the  Ottawa,  and  at  Madoc,  near 
lake  Ontario.  At  the  former  place,  between  the  beds  of  marble,  is 
quartzose  sandstone,  with  pebbles  of  calcareous  sandstone  and  vitrified 
quartz.  At  Madoc  village  are  inter  stratified  marble  and  conglomerate, 
one  being  bluish  micaceous  schist,  holding  fragments  of  greenstone  and 
syenite,  the  other  being  a  dolomite  with  large  pebbles  of  quartz,  feld- 
spar, and  calcite.  As  proofs  of  life  are  the  occurrence  of  limestone, 
carbon,  phosphorus,  sulphur,  and  iron  ore.  The  Laurentian  system  as 
a  whole  consists  of,  (1)  orthoclase-gneiss,  sometimes  granitoid,  with 
quartzite,  hornblendic  and  micaceous  schists,  pyroxene,  and  garnet 
rock;  (2)  white  crystalline  limestone  and  dolomites,  in  numerous  thick 
beds,  containing  serpentine,  pyroxene,  hornblende,  mica,  graphite,  iron 
ores,  apatite,  fluor,  etc.,  and  interstratified  with  bands  of  gneiss;  (3) 
lime -feldspar  rock,  or  anorthosite,  containing  hypersthene,  ilmenite, 
pyroxene,  horneblende,  graphite,  etc.  These  three  groups  are  traversed 
by  granitic  and  metalliferous  veins. 

Macfarlane,14  in  1866,  describes  the  Laurentian  rocks  of  several 
towns  in  the  county  of  Hastings.  The  rocks  here  found  include  granite, 
granite-gneiss,  gneiss,  petrosilex,  conglomerates,  and  limestones.  At 
Madoc  are  conglomerates  consisting  of  pebbles,  generally  of  quartzite, 
in  a  schistose  matrix,  lithologically  not  unlike  some  of  the  Huronian 
rocks. 
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Logan/5  in  1866,  further  describes  the  distribution  and  structure  of 
the  Ottawa  Laurentian  limestone.  There  are  here  three  great  conforma- 
ble bands,  which  are  termed  the  Grenville,  Green  lake,  and  Trembling 
lake  bands.     In  these  limestones  Eozoon  is  found. 

Logan,16  in  1867,  states  that  the  Hastings  series  is  arranged  in  the 
form  of  a  trough,  and  that  to  the  eastward,  and  probably  beneath  them, 
are  rocks  which  resemble  those  of  the  Grenville,  and  it  is  supposed 
that  the  Hastings  series  is  somewhat  higher  than  the  Grenville.  The 
Madoc  limestone  is  overlain  unconformably  at  several  places  by  the 
horizontal  Lower  Silurian  limestone.  In  Tudor  the  limestone  is  sud- 
denly interrupted  for  a  considerable  part  of  its  breadth  by  a  mass  of 
anorthosite  rock,  rising  150  feet  above  the  general  plain,  which  is  sup- 
posed to  belong  to  the  unconformable  Upper  Laurentian. 

Vennor,17  in  1867,  gives  the  ascending  section  of  Laurentian  rocks 
in  Hastings  county  as  follows:  Eed  feldspathic  gneiss,  5,000  feet  thick; 
dark  green  chloritic  slates,  200  feet;  crystalline  limestone,  2,200  feet; 
siliceous  and  micaceous  slates,  400  feet;  bluish  and  grayish  mica-slates, 
500  feet;  pinkish  dolomite,  100  feet;  micaceous  limestone  or  calc-schist, 
containing  Eozoon,  2,000  feet;  green  diorite  slates,  7,500  feet;  reddish 
granitic  gneiss,  2,100  feet;  total,  20,000  feet. 

Dawson18  (Sir  William),  in  1869,  stated  that  the  graphite  of  the  Lau- 
rentian is  scattered  through  great  thickness  of  limestones,  and  is  found 
also  in  veins.  In  one  bed  of  limestone  600  feet  thick  the  amount  of 
disseminated  graphite  must  amount  to  as  much  as  a  solid  bed  20  or  30. 
feet  thick.  The  graphite  is  believed  to  be  of  organic  origin  because, 
lirst,  it  contains  obscure  traces  of  organic  structure;  second,  its  arrange- 
ment and  microscopical  structure  corresponds  with  that  of  micaceous 
and  bituminous  matter  in  marine  formations  of  modern  date;  third,  if 
of  metamorphic  origin,  it  has  only  undergone  the  metamorphosis  which 
is  known  to  affect  organic  material  of  later  age;  fourth,  it  is  associated 
with  beds  of  limestone,  iron  ore,  and  metallic  sulphides,  presumably  of 
organic  origin. 

Vennor,19  in  1870,  in  a  report  on  Hastings  county,  describes  the  pre- 
Silurian  rocks.  The  rocks  are  divided  into  three  divisions,  A,  B,  and 
C.  A,  the  lower  division,  consists  of  syenite  rock,  granitic  gneiss,  2,000 
feet;  line-grained  gneiss,  sometimes  hornblendic  and  passing  into  mica- 
schist,  10,400  feet;  crystalline  limestone,  400  feet.  B,the  middle  divi- 
sion, is  of  hornblendic  and  pyroxenic  rocks,  including  diorite  and  dia- 
base, both  massive  and  schistose,  4,200  feet.  C,  the  upper  division, 
consists  of  crystalline  and  granular  limestone,  330  feet;  mica-slates  in- 
terstratified  with  dolomite,  sometimes  conglomeratic,  with  pebbles  of 
gneiss  or  quartzite  1  to  12  inches  in  diameter,  400  feet;  slate  inter  strat- 
ified with  gneiss,  500  feet;  gneissoid  micaceous  quartzites,  interstrati- 
fied  with  siliceous  limestone,  1,900  feet;  gray  micaceous  limestone,  1,000 
feet.  Total,  21,130  feet.  The  syenite  in  certain  localities  has  no  ap- 
parent marks  of  stratification.     Associated  with  the  above  rocks  are 
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deposits  of  iron  ore.  Eozoon  canadense  occurs  in  the  topmost  member 
of  the  upper  division  (G).  Division  B  rests  immediately  upon  A,  but 
whether  conformably  or  not  is  not  determined,  as  the  basal  members  of 
B  are  massive  diorites  and  greenstones. 

Vennor,20  in  1872,  applies  to  the  lowest  division  of  the  Hastings 
series  (A),  the  term  Lauren tian,  and  the  middle  division  (B)  is  placed 
as  probable  Huronian.  The  rocks  of  the  upper  group  are  found  to  lie 
unconformably  upon  the  gneisses  and  crystalline  limestones  of  the  low- 
est, and  it  is  probable  that  the  middle  group  is  unconformably  below 
the  upper  and  unconformably  above  the  lower  group. 

Vennor,21  in  1872,  reports  on  Leeds,  Frontenac,  and  Lanark  counties, 
Ontario.  The  granite  of  the  gold-bearing  rocks  is  believed  to  repre- 
sent eruptions  which  took  place  probably  toward  the  close  of  the  Lau- 
ren tian  period,  or  at  some  time  prior  to  the  deposition  of  the  rocks  of 
divisions  B  and  0,  for,  whenever  these  higher  rocks  are  wanting,  the 
Laurentian  gneisses,  quartzites,  and  limestone  are  cut  by  a  network  of 
veius. 

Vennor,22  in  1873,  gives  an  additional  report  upon  the  counties  of 
Frontenac,  Leeds,  and  Lanark.  The  area  is  divided  into  western,  mid- 
dle, and  eastern  sections.  In  the  western  section  the  main  mass  of 
rocks  is  of  granite,  syenite,  and  coarse  and  fine  grained  gneisses.  The 
red  granites  sometimes  appear  to  be  of  later  date  than  the  white  mica- 
granites  and  even  of  the  diorites  of  division  B.  Limestone  was  not  ob- 
served. In  a  trough  between  two  granite  and  gneiss  areas  are  found 
diorite-slates,  micaceous  and  chloritic  schists,  pyroxenic  rocks,  con- 
glomerates, dolomites,  and  sandy  crystalline  limestones.  In  one  con- 
glomerate the  pebbles  of  quartz  in  a  matrix  of  sand  and  mica  are  flat- 
tened out  along  the  plane  of  bedding,  so  that  those  which  in  cross 
measurement  are  not  more  than  one-fifth  of  an  inch  broad  have  a  length 
of  from  5  to  10  inches.  In  places  in  the  conglomerate,  instead  of  peb- 
bles, are  layers  of  vitreous  quartz  or  quartzite  and  mica-schist.  The 
middle  section  is  undoubtedly  Lower  Laurentian.  The  rocks  met  with 
include  great  thicknesses  of  gneiss,  for  the  most  part  clearly  stratified, 
with  well  denned  strike  and  dip;  masses  of  hornblende  rock  and  diorite, 
graduating  into  slate  or  schist;  large  and  important  bands  of  crystal- 
line limestones,  and  groups  of  calcareous  strata  associated  with  mica- 
slates,  and  Avorkable  masses  of  magnetic  iron  ore.  These  rocks  are 
clearly  interstratined.  Apparently  five  distinct  bands  of  crystalline 
limestone  are  met  with,  separated  by  reddish  granitic  and  dark  horn- 
blendic  gneisses.  The  rocks  of  the  eastern  section  consist  chiefly  of 
gneiss,  but  associated  with  this  are  coarsely  granular  limestones.  The 
horizontal  limestones  of  the  Lower  Silurian  by  a  fault  are  brought  into 
abrupt  vertical  contact  with  the  Laurentian  gneiss. 

Vennor,23  in  1874,  further  describes  Frontenac,  Leeds,  and  Lanark 
counties.  The  five  belts  of  crystalline  limestones  mentioned  in  the  pre- 
vious report  are  described  in  detail.  Eozoon  occurs  abundantly  in 
places. 
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Vennor,24  iu  1876,  gives  a  further  report  on  the  rear  portions  of  Froiir 
tenac  and  Lanark  counties.  Two  sections  are  given,  representing  the 
limestones  as  interstratified  with  the  quartzites  and  gneisses.  The  rocks 
are  classified  into  five  groups:  I,  Mica-schist  group ;  II,  Dolomite  and 
slate  group;  III,  Diorite  and  hornblende-schist  group;  IV,  Crystalline 
limestone  and  hornblende-rock  group;  V,  Gneiss  and  crystalline  lime- 
stone group.  A  sixth  group,  described  in  a  previous  report,  occupies 
the  front  portion  of  Lanark  county.  Each  of  the  five  groups  have 
many  subordinate  phases  of  rocks;  they  occupy  distinct  and  separate 
positions,  but  it  is  not  known  whether  they  represent  one  or  more  for- 
mations. 

Vennor,25  in  1877,  states  that  there  is  in  eastern  Ontario  and  the 
adjoining  portions  of  Quebec  an  Azoic  formation,  consisting  of  syenite 
and  gneiss(?),  without  crystalline  limestone,  in  which  there  is  but  little 
indication  of  stratification.  On  it  has  been  unconformably  deposited  a 
great  system  of  gneisses,  schists,  slates,  crystalline  limestones,  and 
dolomites,  in  the  higher  member  of  which  Eozoon  is  found.  The  lime- 
stone occurs  in  four  principal  belts.  Both  Logan's  Huronian  and  Upper 
Laurentian  are  considered  to  belong  to  the  second  division,  which  is  for 
the  present  called  the  Upper  Laurentian.  Interstratified  with  several 
of  the  bands  of  limestone  are  labradorite  rocks.  No  evidence  is  found 
for  making  these  a  distinct  system.  The  Huronian  and  Hastings  series 
are  simply  an  altered  condition  in  their  westward  extension  of  the 
lower  portion  of  the  upper  system. 

Vennor,26  in  1878,  reports  on  the  counties  of  Renfrew,  Pontiac,  and 
Ottawa.  Referring  to  the  work  of  previous  years,  it  is  said  that  the 
rocks  of  divisions  B  and  0  of  the  Hastings  series  are  really  the  western 
extensions  of  the  diorites,  hornblende-schists,  and  mica-slates  of  Lanark 
and  Renfrew  counties,  in  other  words,  of  groups  I,  II,  and  III;  and 
these  last  have  also  been  shown  to  be  a  low  portion  of  the  gneiss  and 
limestone  series,  that  is,  groups  IV,  V,  and  VI;  and  these  have  always 
been  looked  upon  as  typical  Laurentian.  The  conclusion  is  consequently 
reached  that  the  Hastings  series  is  not,  as  it  has  been  considered  to  be, 
the  most  recent,  but  rather  the  oldest  portion  of  this  great  system  of 
rocks  investigated.  It  is  also  clear  that  this  great  crystalline  gneiss 
and  limestone  series  rests  upon  a  still  older  gneiss  series,  in  which  no 
crystalline  limestones  have  yet  been  discovered.  This  series  is  the  one 
referred  to  as  division  A,  where  limestones  have  been  mentioned,  but 
incorrectly.  This  occupies  many  hundreds  of  square  miles  between  the 
St.  Lawrence  and  Ottawa  rivers,  and  is  the  rock  which  forms  the  back- 
bone of  eastern  Ontario  and  the  nucleus  around  which  have  been  de- 
posited all  succeeding  formations.  This,  then,  is  undoubtedly  Archean 
and  LoVer  Laurentian,  and  consequently  the  crystalline  limestones 
and  gneisses  constitute  a  series  which  would  come  in  beneath  Logan's 
Upper  Laurentian  or  Labradorite  series.  Whether  this  latter  exists 
as  a  distinct  formation  is  doubtful.    In  each  instance  in  which  the 
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crystalline  limestones  have  been  found  in  the  interior  of  the  gneiss 
country,  these  have  been  proved  to  occur  in  the  superficial  condition  of 
shallow  troughs,  and  not  as  bands  interstratified  in  the  gneiss  itself. 

The  lower  noncalcareous  Lauren tian  is  a  great  series  of  crystalline 
rocks,  not  only  highly  metamorphosed,  but  most  intricately  contorted. 
In  the  entire  area  studied  the  gneiss  and  syenite  are  by  far  the  most 
abundant  rocks,  while  gneisses  with  interstratified  crystalline  lime- 
stones occupy  but  a  comparatively  limited  area,  and  this  only  toward 
the  margins  of  the  former.  The  relative  volumes  of  the  two  distinct 
sets  of  rocks,  that  is,  the  gneisses  with  the  crystalline  limestones,  bear 
about  the  same  relations  to  the  volume  of  gneiss  and  syenite  that  the 
comparatively  narrow  belt  of  the  Silurian  does  in  this  section  of  country 
to  both  of  these  together. 

There  is  thus  in  these  old  crystalline  rocks  a  great  uncalcareous  di- 
vision and  a  smaller  calcareous  one.  The  first  of  these  may  be  further 
subdivided  into  a  stratified  and  unstratified  portion,  of  which  the  latter 
is  undoubtedly  the  lowest  and  oldest.  As  shown  by  the  map,  north 
and  northwestward  of  the  line,  at  the  base  of  the  gneiss  and  limestone 
series,  there  are  numerous  and  repeated  troughs  of  the  lower  member 
of  this  division  which  separate  out  over  the  great  fundamental  gneiss 
system  in  a  most  irregular  manner,  and  it  is  these  that  have  given  rise 
to  the  supposition  that  the  older  gneiss  and  syenite  is  interstratified 
with  the  crystalline  limestone.  The  three  great  subdivisions  in  east- 
ern Ontario  are,  then,  first,  a  great  gneissic  and  syenitic  series  without 
limestone;  second,  a  thinner  gneissic  series  with  labradorites  and  lime- 
stones; and,  third,  Lower  Silurian  (Potsdam  to  Trenton).  The  thick- 
ness of  the  upper  series,  exclusive  of  the  fundamental  gneiss,  is  placed 
tentatively  as  from  50,000  to  60,000  feet.  No  attempt  is  made  to  esti- 
mate the  thickness  of  the  underlying  gneiss  and  syenite  series. 

Bell,27  in  1878,  reports  on  geological  researches  north  of  lake  Huron 
and  east  of  lake  Superior,  including  lake  Nii>issing.  He  finds  the  rocks 
along  the  whole  northeast  coast  of  Georgian  bay,  a  distance  of  125  miles, 
to  belong  to  the  Laureutian  series.  They  consist  principally  of  varie- 
ties of  gneiss,  occasionally  interstratified  with  bands  of  hornblendie  and 
micaceous  schists.  The  crystalline  limestones  are  also  found,  as  well 
as  stratified  diorites,  trap  rocks,  and  granite  veins.  The  rocks  have 
no  uniform  strike  and  are  contorted  into  many  anticlinals  and  syncli- 
nals. The  crystalline  limestones  of  Georgian  bay  and  lake  Nipissing  are 
regarded  as  belonging  in  three  and  possibly  more  crystalline  bands. 
Associated  with  the  limestone  are  sometimes  found  chert,  conglomerate, 
quartzite,  and  magnetic  iron  ore.  A  junction  of  the  granite  with  the 
Huronian  quartzite  and.  hornblende  schist  is  mentioned. 

Wilkins,28  in  1878,  describes  near  the  Grand  Trunk  station  of  Slian- 
nonville,  about  three-quarters  of  a  mile  north  of  the  village,  a  gray  and 
green  slate  conglomerate  which  much  resembles  the  slate  conglomerate 
of  lake  Huron  belonging  to  the  Huronian  system.    The  base  of  tins 
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rock  is  a  schistose  gray  orthoclase  with  green  hornblende  and  cpidote, 
while  the  pebbles  are  of  Laurentian  gneiss^  white  and  red  micaceous 
and  syenitic  granite,  syenite,  felsite,  dolerite,  diorite,  epidote,  chlorite, 
and  quartz,  these  masses  being  generally  rounded,  particularly  the 
gneissic  pebbles,  and  very  rarely  angular,  while  in  size  some  exceed  a 
foot  in  diameter,  and  others  are  not  over  2  or  3  inches.  At  Gibson's 
mountain,  6  miles  southwest  of  Belleville,  occurs  Laurentian  porphyritic 
coarse  grained  granitoid  syenitic  gneiss. 

Selwyn,29  in  1879,  states  that  it  has  been  conclusively  demonstrated 
that  the  Grenville  and  Hastings  groups,  consisting  of  limestones  and 
calcareous  scbists  holding  Eozoon,  with  associated  dieritic,  felsitic,  mi- 
caceous, slaty,  and  conglomeratic  rocks,  form  one  great  conformable 
series,  which  rests  quite  unconformably  upon  a  massive  granitoid,  syen- 
itic, or  red  gneiss  series,  and  are  unconformably  below  the  Potsdam  or 
Lower  Silurian  rocks.  The  same  may  be  said  of  the  Huronian  series 
of  Georgian  bay,  which  at  lake  Nipissing  include  some  labradorite 
gneiss,  and  it  is  very  probable  that  a  connection  will  eventually  be 
traced  out  between  these  supposed  greatly  different  formations  like  that 
now  proved  to  exist  between  the  Hastings  and  Grenville  series.  The 
Norian  series  is  thought  to  be  a  part  and  parcel  of  the  great  crystalline 
limestone  series.  These  anorthosifces  are  thought  to  represent  the  vol- 
canic and  intrusive  rocks  of  the  Laurentian  period,  and  if  so,  their 
massive  and  irregular,  and  sometimes  bedded  appearance,  and  the  fact 
that  they  interrupt  and  cut  off  some  of  the  limestones,  is  readily  under- 
stood. Chemical  and  microscopical  investigations  both  seem  to  point 
to  this  as  the  true  explanation  of  their  origin.  That  they  are  really 
eruptive  rocks  is  held  by  nearly  all  geologists  who  have  carefully 
studied  their  stratigraphical  relations. 

Selwyn,30  in  1884,  finds  from  Pembroke  to  Wahnahpitae  river  on 
the  Canadian  Pacific  railway,  nothing  but  Laurentian,  which  consists 
of  red,  gray,  and  white  orthoclase  gneiss,  black  hornblende-schists  and 
mica-schists,  often  garnetiferous,  pyroxenic  gneiss  banded  like  Eozoon, 
and  large  bauds  of  crystalline  limestone.  These  rocks  are  all  very  dis- 
tinctly stratified,  and  dip  generally  in  an  easterly  direction  at  angles 
varying  from  almost  horizontal  to  vertical. 

SUMMARY   OF    RESULTS. 

It  is  apparent  that  the  great  area,  roughly  bounded  by  Georgian  bay, 
the  Ottawa  and  St.  Lawrence  rivers,  to  which  the  term  Laurentian  is 
applied,  is,  as  a  whole,  a  very  crystalline  one.  This  is  so  far  true  that  no 
attempt  has  been  made  over  the  greater  part  of  the  area  to  stratigraph- 
ically  subdivide  the  rocks.  The  exceptions  to  this  are  a  small  area  in 
Argenteuil  and  adjacent  counties,  and  a  strip  of  country  running  from 
Ottawa  to  Madoc.  Even  in  the  districts  in  which  the  detailed  maps 
are  given  there  is  no  estimate  of  the  thickness  of  the  layers  of  the  more 
massive  parts  of  the  series. 
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Iii  discussing  the  stratigraphical  succession,  large  areas  of  the  rocks, 
including  syenite,  granite,  porphyry,  etc.,  can  be  excluded,  for  it  is  cer- 
tain, as  was  early  recognized  by  Logan  and  Murray,  that  many  of  these 
rocks  are  eruptives  of  later  age  than  the  gneissic  and  schistose  rocks 
with  which  they  are  associated. 

Logan,  Murray,  and  Vennor  in  his  final  comprehensive  review,  reached 
the  same  stratigraphical  conclusions.  Occupying  the  inferior  position 
in  this  region  is  an  immense  thickness  of  syenitic,  granitic,  and  gneissic 
rocks.  For  the  most  part  this  lower  division  is  intricately  folded,  and  if 
it  has  a  stratigraphy,  ifc  is  of  so  complicated  a  character  that  no  esti- 
mate is  made  of  the  thickness.  Where  a  structure  is  present  there  is 
no  evidence  that  it  is  due  to  sedimentation.  It  contains  no  bedded 
limestones,  no  carbonaceous  schists,  no  elastics,  either  volcanic  or  water- 
deposited.  It  is,  then,  a  complex,  devoid  of  any  structure  which  has 
been  shown  to  be  bedding,  devoid  of  any  materials  which  may  not  be 
of  other  than  surface  origin.  As  described  by  Yennor,  this  lower  non- 
calcareous  Laurentian  covers  the  larger  part  of  the  region.  That  lime- 
stones were  at  one  time  supposed  to  be  contained  in  this  series  is  ex- 
plained by  him  to  be  due  to  the  fact  that  overlying  bands  of  the  upper 
division  are  included  as  infolded  troughs. 

Upon  these  rocks  rests  a  series  of  a  very  different  lithological  charac- 
ter. It  includes  great  thicknesses  of  limestones,  quartzites,  conglom- 
erates, hornblende-schists,  mica-schists,  and  bedded  gneisses.  If  the 
limestones,  quartzites  and  the  regularly  bedded  character  of  the  gneisses 
are  not  sufficient  evidence  of  a  clastic  origin,  the  presence  of  unmis- 
takable conglomerates  at  numerous  points  is  conclusive.  This  clastic 
series,  as  shown  by  the  descriptions  of  it  in  the  vicinity  of  Madoc,  is  in 
part  clearly  volcanic.  The  very  great  estimated  thickness  of  this  bed- 
ded series  may  be  questioned,  for  evidently  the  study  was  not  close 
enough  and  the  structure  well  enough  determined  to  decide  this  difficult 
question.  The  equivalence  of  the  clastic  rocks  of  the  different  districts 
has  been  assumed,  but  those  more  distant  from  the  type  area  differ  con- 
siderably from  it  in  lithological  character  as  well  as  from  each  other. 
That  they  are  really  equal  has  not  been  shown,  although  this  is  proba- 
ble for  certain  of  the  districts. 

As  to  the  anorthosite  series  it  may  be  excluded  from  'the  bedded 
succession.  It  is  now  believed  by  most  geologists  that  this  rock  is  an 
eruptive.  The  unconformity  at  its  base  is  an  eruptive  one,  in  all  prob- 
ability caused  by  the  outflowing  of  this  rock  at  a  later  period  than  the 
formation  of  the  underlying  series. 

The  Laurentian  clastic  series  of  the  type  area  resembles,  to  a  re- 
markable degree,  the  bedded  gneisses,  limestones,  graphitic  schists, 
and  quartzites  of  the  Adirondacks,  except  that  the  latter  have  become 
more  completely  crystalline.  The  core  of  the  Adirondacks  is  "  anor- 
thosite roek,"  really  gabbro,  and  away  from  this  the  bedded  series 
dips  in  a  quaquaversal  manner,  so  that  the  anorthosites  apparently 
Bull.  86 3 
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underlie  the  elastics.  This  is  explicable  by  regarding  the  anorthosite 
as  an  intrusive  which  has  pushed  up  the  bedded  elastics,  causing  the 
latter  to  dip  away  from  it  in  every  direction.  In  the  Ontario  area  it 
appears  that  the  "  anorthosite  ,?  has  actually  burst  through  and  over- 
flowed the  elastics. 

Comparing  the  bedded  clastic  division  of  the  Laurentian  with  the 
Original  Huronian,  the  description  of  the  latter  by  Bell  at  Mpissing 
approaches  closely  in  lithological  character  that  of  the  Huronian,  to 
which  division  the  series  was  referred  by  Selwyn.  The  clastic  series 
in  the  vicinity  of  Madoc,  before  Yennor  realized  that  it  is  probably 
a  continuation  of  that  to  which  the  term  Laurentian  was  applied  at 
Ottawa  by  Logan,  was  considered  as  Huronian,  and  by  Logan  himself 
was  supposed  to  be  higher  than  the  Grenville  series. 

These  two  districts  are  intermediate  in  position  as  in  character  between 
the  type  areas  of  upper  Laurentian  and  the  Huronian. 

The  elastics  of  the  Laurentian  nowhere  come  in  contact  with  those  oi 
the  Original  Huronian  area,  so  that  we  have  no  evidence  whatever  as 
to  their  relative  age.  The  former  are  underlain  by  a  banded  and  con- 
torted gneissic  and  granitic  series.  The  same  is  true  of  the  Huronian 
of  lake  Huron.  In  this  latter  area  the  clastic  series  rests  uncon- 
formable' upon  a  lower  gneissic  one,  but  in  eastern  Ontario  we  have  no 
positive  evidence  that  similar  relations  obtain ;  but  it  is  not  improb- 
able, as  maintained  by  Yennor,  that  there  is  at  the  base  of  the  clastic 
series  a  true  unconformity.  On  the  other  haud,  it  is  possible  that  the 
relations  between  the  clastic  series  and  the  underlying  completely  crys- 
talline series  are  those  of  sedimentary  rocks  and  later  intrusives. 

Bearing  in  favor  of  an  unconformity  between  the  lower  granite- gneiss 
and  at  least  a  part  of  the  clastic  series  are  several  lines  of  evidence : 
(1)  In  Leeds,  Frontenac,  and  Lanark  counties  the  granites  which  cut  the 
Laurentian  gneisses  in  a  network  of  veius  never  penetrate  the  series  of 
quartzites,  conglomerates,  limestones,  etc.,  although  sometimes  found 
in  Yennor's  middle  or  dioritic  division.  This  indicates  that  the  gran- 
ite-gneiss not  only  existed  but  had  been  intruded  by  granitic  eruptions 
before  the  elastics  were  deposited.  (2)  The  abundant  large  pebbles 
and  bowlders  of  granite  and  syenite  found  at  many  localities  in  the 
Laurentian  region,  and  particularly  about  lake  Mpissing  and  near 
Shannon  ville,  show  that  earlier  than  the  elastics  existed  gneisses 
and  granites  identical  in  character  with  those  now  designated  as  Lau- 
rentian. The  probability  is  that  these  pebbles  are,  as  supposed  by 
Logan  and  Wilkins,  derived  directly  from  the  Laurentian.  If  this  is 
the  case,  between  the  two  must  have  existed  a  great  time  gap,  for  these 
fragments  when  deposited  show  that  the  rocks  from  which  they  are 
derived  were  then  at  the  surface  in  their  present  completely  crystal- 
line condition.  (3)  The  rocks  of  plainly  clastic  origin  are  associated  and 
occur  in  trough  like  areas,  although  having  interstratified  -with  them 
comparatively  thin  belts  of  gneiss,   which,  however,  may  be  meta- 
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morphosed  sedimentaries.  That  this  series  is  newer  than  the  granite- 
gneisses,  is  indicated  by  the  fact  that  the  intricate  structure  of  the 
lower  Laurentian  is  not  simulated  by  the  clastic  rocks.  Apparently  the 
latter  has  undergone  earlier  and  more  intense  orographic  movements 
than  the  former. 

SECTION  II.  FROM  NORTH  CHANNEL  OF  LAKE  HURON  TO  LAKE 

TEMISCAMANG. 

LITERATURE. 

Bigsby,31  in  1821,  gives  the  earliest  geological  account  of  the  north 
shore  of  lake  Huron.  He  found  north  of  the  North  channel  two  scries 
of  rocks,  one  of  granite,  gneiss,  and  trap,  which  was  placed  by  him 
with  the  Primitive ;  the  other,  without  mentioning  distinct  characters, 
he  called  the  Transition  formation. 

Murray,32  in  1845,  finds  Primary  and  Metamorphic  rocks  to  com- 
prise the  whole  country  to  the  north  of  lake  Simcoe  and  the  northeast- 
ern shores  of  lake  Huron.  The  rocks  are  similar  in  appearance  to  the 
masses  which  compose  the  Thousand  isles,  and  include  granite,  syenite, 
and  gneiss,  as  well  as  a  coarse  micaceous  sandstone,  which  at  one  place 
presents  evidence  of  stratification. 

Logan,33  in  1847,  finds,  after  passing  over  63  miles  of  lower  meta- 
morphic or  syenitic  gneiss  on  the  Ottawa,  after  leaving  the  Mattawa 
(nearing  lake  Temiscamang),  a  succession  consisting  of  (1)  chloritic 
slates  and  conglomerates,  (2)  greenish  sandstones,  and  (3)  fossilifer- 
ous  limestones.  The  conglomerates  often  hold  pebbles  and  bowlders, 
sometimes  a  foot  in  diameter,  of  the  subjacent  gneiss,  from  which  they 
are  chiefly  derived.  So  indurated  is  the  rock  that  the  fracture  breaks 
across  the  pebbles.  The  sandstone  is  of  a  sea-green  color,  and  appears 
to  be  composed  of  quartz  and  feldspar,  with  occasional  flakes  of  mica. 
The  volume  of  (1)  is  probably  not  less  and  may  be  very  much  more 
than  1,000  feet,  while  that  of  the  sandstone  is  between  400  and  500  feet. 
Formation  (3),  fossiliferous  limestone,  is  often  conglomeratic  at  its  base, 
containing  pebbles,  fragments,  and  bowlders  of  the  sandstone  beneath 
in  a  calcareous  cement.  Some  of  the  harder  beds  abound  in  chert  and 
many  of  them  are  fossiliferous,  the  organic  remains  leading  to  the  opin- 
ion that  this  rock  is  equivalent  to  the  Niagara  of  New  York.  That 
these  limestones  are  unconformable  with  the  slates  appears  almost  cer- 
tain, but  whether  the  intermediate  sandstones  are  conformable  with 
one  or  both  of  these  can  not  be  asserted,  nor  can  it  be  asserted  that 
the  slates  are  conformable  with  the  gneiss. 

Locke,34  in  1847,  having  visited  Echo  lake  and  the  Bruce  mine,  finds 
the  rocks  of  the  North  channel  to  consist  of  sandstone,  talcose  slate, 
limestone,  all  metamorphosed  by  trap  rock.  The  slate  contains  some 
pebbles  of  primitive  rock,  and  thus  approaches  a  conglomerate.  The 
limestone  at  Echo  lake  shows  original  stratification,  and  is  traversed 
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by  seams  of  hard  inetamorphic  slate,  being  nearly  in  the  condition  of 
a  jasper.  They  are  undulated,  contorted,  and  pleated  in  a  beautiful 
manner. 

Chaining,35  in  1847,  reports  on  an  examination  of  Sugar  island, 
Sailors  Encampment  island,  St.  Joseph  island,  and  the  main  shore  to 
Sault  Ste.  Marie  on  the  American  side.  Metamorphic  sandstone 
quartz,  chlorite- slate  quartz,  feldspar  rock  quartz,  chlorite,  granite, 
syenite  are  all  found,  and  are  constantly  intersected  by  the  trap  dikes. 
At  Echo  lake  is  a  metamorphic  sandstone  quartz,  containing  a  stratum 
of  pebbles  converted  into  jasper.  On  Sugar  island  is  found  metamor- 
phic sandstone,  containing  fragments  of  metamorphic  sandstone  and 
gray  gneiss. 

Murray,36  in  1849,  describes  the  continuation  of  his  work  on  the 
north  coast  of  lake  Huron  west  of  French  river,  and  upon  the  adjacent 
Manitoulin  islands.  The  pre-Potsdam  group  of  rocks  consist,  firstly, 
of  a  metamorphic  series,  composed  of  granitic  and  syenitic  rocks  in 
the  forms  of  gneiss,  mica-slate,  and  hornblende-slate;  and,  secondly,  in 
ascending  order,  of  a  stratified  series,  composed  of  quartz  rock  or  sand- 
stones, conglomerates,  shales,  and  limestones,  with  interposed  beds  of 
greenstone.  The  first  of  these  series  is  in  so  highly  a  disturbed  con- 
dition, and  is  so  much  contorted  that  it  is  impossible  to  ascertain  its 
thickness.  The  second  series  occupies  the  whole  north  coast  of  lake 
Huron,  with  many  of  its  neighboring  islands  between  little  lake 
George  and  Shebawenahning.  The  breadth  of  country  this  series 
occupies,  and  the  thickness  it  attains,  there  was  no  opportunity  of 
determining.  The  quartzites  sometimes  pass  into  a  sandstone,*  and 
into  a  beautiful  conglomerate,  whose  pebbles  are  chiefly  of  blood-red 
jasper.  Besides  the  jasper  conglomerates  there  are  other  conglomer- 
ates, the  pebbles  and  bowlders  of  which  are  of  syenite,  varying  from 
those  of  small  size  to  those  2  feet  in  diameter ;  and  these  are  some- 
times 'in  a  greenish  quartz  rock  as  a  matrix,  and  sometimes  in  a 
greenish  slate,  more  frequently  the  latter.  Numerous  greenstone  dikes 
traverse  the  stratified  series,  and  greenstone  masses  are  interposed 
among  the  sedimentary  beds.  On  some  small  islands  granite  veins 
and  trap  dikes  were  found  breaking  through  the  quartz  rock,  on  one  of 
which  the  latter  beds  dipped  in  opposite  directions  on  opposite  sides  of 
the  granite,  and  on  another  the  quartz  rock  was  found  reclining  on  the 
granite,  the  contact  being  seen.  The  fossiliferous  series  is  supported 
unconformably  upon  the  older  rocks. 

Logan,37  in  1849,  next  gives  a  general  account  of  the  geology  of  the 
north  shore  of  lake  Huron.  An  area  of  rocks,  120  miles  long,  and  from 
10  to  20  miles  wide,  is  placed* in  a  single  formation.  This  formation 
rests  unconformably  below  the  Silurian,  as  shown  by  the  fact  that  the 
latter  horizontal  strata  rest  upon  the  uptilted  edges  of  the  quartz  rock, 
fill  the  valleys  between,  and  overtop  the  mountains.  Upon  account  of 
the  eruptive  material  which  the  formation  contains  it  is  placed  as  the 
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probable  equivalent  of  the  copper-bearing  group  of  lake  Superior. 
The  series  is  divided  into  rocks  of  sedimentary  and  rocks  of  eruptive 
origin.  The  sedirnentaries  consist  of  sandstones,  conglomerates,  slates, 
and  limestones.  The  greenstones  are  of  igneous  origin,  and  are  of  two 
classes,  intrusives  and  overflows.  The  intrusives  are  in  part  as  shi 
and  in  part  as  dikes.  The  various  kinds  of  sedimentary  beds  grade 
into  each  other,  while  the  greenstones  do  not  thus  grade  into  the  sedi- 
ments, and  therefore  present  a  strong  contrast  to  the  real  sedimentary 
beds.  The  dikes  and  overflow  sheets  arc  lithologieally  alike,  and  the 
dikes  reveal  a  history  which  has  two  or  three  episodes.  The  chief  dif- 
ference in  the  copper-bearing  rock  of  lakes  Union  and  Superior  seems 
to  lie  in  the  great  amount  of  amygdaloidal  trap  in  the  latter,  and  of 
white  quartz  or  sandstone  in  the  former,  but  there  are  strong  points  of 
resemblance,  so  it  is  highly  probable,  if  not  almost  certain,  that  they 
are  equivalent  and  beneath  the  lowest  fossiliferous  deposits.  On  the 
east  and  west  the  series  seems  to  repose  on  granite. 

Murray,38  in  1850,  gives  the  result  of  a  survey  of  the  Spanish  river. 
Upon  this  stream  he  finds  exposed  a  granitic  Or  metamorpnic  group  and 
a  quartz-rock  group.  The  latter  contains  quartzites,  slates,  and  con- 
glomerates, holding  sometimes  pebbles  of  jasper,  but  more  often  of  sye- 
nite or  granite,  as  well  as  limestones  and  dikes  and  beds  of  intrusive 
greenstones,  and  can  scarcely  be  less  than  10,000  feet  thick.  The  gra- 
nitic group  appears  to  rise  from  beneath  the  metamorpnic  group  at  two 
places. 

LOGAN,39  in  1852,  states  that  on  lake  Huron  the  Lower  Silurian  group 
rests  unconformable  upon  a  siliceous  series,  containing  one  band  of 
limestone  about  150  feet  in  thickness,  having  leaves  of  chert,  but  with- 
out discovered  fossils.  The  series  is  the  copper-bearing  rocks  of  that 
district,  is  interstratified  with  igneous  masses,  and  has  a  thickness  of 
at  least  10,000  feet;  it  is  supposed  to  be  the  Cambrian  epoch.  The 
gneissoid  group  is  probably  still  older,  and  its  condition  is  such  as  to 
make  it  reasonable  to  suppose  that  it  consists  of  altered  aqueous  depos- 
its. 

Murray,7  in  1857,  describes  several  of  the  more  important  streams 
between  Georgian  bay  and  lake  Nipissing.  They  embrace  two  of  the 
oldest  recognized  geological  formations,  the  Laurentian  and  Huronianj 
the  rocks  of  the  latter  are  more  recent  and  have  been  observed  to  pass 
unconformably  below  the  lowest  of  the  fossiliferous  strata  of  the  ►Silu- 
rian system.  The  contorted  gneiss  of  the  Laurentian  series,  with  its 
associated  micaceous  and  hornblendic  schists,  spreads  aver  the  country 
to  the  south  and  east,  while  the  slates,  conglomerates,  limestones, 
quartzites,  and  greenstones  of  the  Huronian  occupy  the  northern  and 
western  parts.  The  difference  in  lithological  character  between  the 
two  formations  is  always  sufficiently  apparent,  bui  though  both  were 
found  a  short  distance  apart,  the  immediate  point  of  contact  was  always 
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obscure,  and  a  mass  of  greenstone  of  rather  coarse  grain  was  usually 
the  first  intimation  of  the  proximity  of  the  higher  rocks.  Whether  this 
greenstone  is  a  contemporaneous  flow  or  subsequent  intrusion  has  not 
been  ascertained.  The  lower  slates  stand  nearly  vertical  on  Sturgeon 
river  near  the  gneiss.  The  following  is  the  general  succession  within 
the  Huronian,  in  ascending  order :  line  grained  siliceous  slates ;  slate- 
conglomerate,  containing  profuse  syenite  and  occasional  jasper  pebbles  5 
limestone  j  slate-conglomerate,  like  the  first ;  green  siliceous  chloritic 
slate  5  and  close  grained  quartzite  of  various  colors  running  into  a 
conglomerate,  the  pebbles  of  which  include  white  quartz  and  red  and 
green  jasper.  The  thickness  of  the  Huronian  is  calculated  at  10,000 
feet  and  corresponds  with  the  determination  of  the  thickness  of  the 
quartz-rock  series  on  the  Spanish  river. 

Logan,40  in  1858,  applies  the  term  Huronian  to  the  copper-bearing 
rocks  of  lake  Huron.  A  limestone  near  the  middle  of  the  series  is  used 
to  trace  out  the  structure. 

.  Murray,41  in  1858,  gives  a  continuation  of  his  study  of  the  rocks 
north  of  lake  Huron.  He  places  the  rocks  of  French  river,  described 
in  the  report  of  1857,  as  Lauren tian.  A  belt  of  limestone  200  feet  thick 
is  used  in  working  out  the  structure  of  the  Huronian.  The  Huronian 
is  also  called  the  copper -bearing  rocks. 

Logan,42  in  1858,  gives  a  general  description  of  the  pre-Silurian 
Azoic  rocks  of  Canada,  which  occupy  nearly  a  quarter  of  a  million 
square  miles.  These  are  a  series  of  very  ancient  sedimentary  deposits 
in  an  altered  position.  They  are  of  great  thickness  and  are  capable  of 
division  into  stratigraphical  groups.  In  the  formation  about  lake  Te- 
miscamang  are  sandstones,  quartzose  conglomerates,  and  slate  conglom- 
erates, the  slate  conglomerates  holding  pebbles  and  bowlders  derived 
from  the  subjacent  gneiss.  The  bowlders  display  red  feldspar,  trans- 
lucent quartz,  green  hornblende,  and  black  mica,  arranged  in  parallel 
layers,  which  present  directions  accordant  with  the  attitude  in  which 
the  bowlders  were  accidentally  inclosed.  From  this  it  is  evident  that 
the  slate  conglomerate  was  not  deposited  until  the  subjacent  forma- 
tion had  been  converted  into  gneiss,  and  very  probably  greatly  dis- 
turbed; for  while  the  dip  of  the  gneiss,  up  to  the  immediate  vicinity  of 
the  slate  conglomerates,  was  usually  at  high  angles,  that  of  the  latter 
did  not  exceed  9  degrees.  A  similar  set  of  clastic  rocks  is  found  on 
the  north  shore  of  lake  Huron,  except  that  the  series  is  here  intersected 
and  interstratified  with  greenstone  trap,  and  pebbles  of  syenite  and  jas- 
per are  found.  Eastward  of  lake  Temiscamang,  in  an  area  of  200,000 
square  miles  imperfectly  examined,  no  similar  series  of  rocks  has  been 
met  with.  Because  this  clastic  series  of  rocks  occurs  in  typical  devel- 
opment on  lake  Huron  it  has  been  decided  to  designate  it  by  the  term 
Huronian. 

Murray,43  in  1859,  in  continuing  his  study  of  the  Huronian,  gives 
most  of  his  time  to  the  region  adjacent  to  the  Thes salon  and  Mississagui 
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rivers.  The  Huronian  is  found  to  be  in  two  main  troughs  and  the  thick- 
ness of  the  series  of  formations  amounts  to  16,700  feet.  This  thickness, 
greater  than  that  given  in  the  report  of  1857,  is  due  to  the  accidental 
existence  here  of  intercalated  greenstones. 

Bigsby,44  in  1802,  concludes  that  the  Huronian  is  greatly  older  than 
the  Cambrian  because:  (1)  Its  marked  similarity,  lithologically,  to  the 
fundamental  gneiss  formation.  (2)  The  conformity  of  these  two  sets  of 
beds.  (3)  The  great  interval  of  time  which  must  have  elapsed  between 
the  periods  of  laying  down  the  fundamental  formation  and  the  Silur- 
ian, if  we  are  to  judge  from  the  occasionally  vast  thickness  of  the  Cam- 
brian. Beyond  all  comparison,  the  Huronian  is  more  widespread  and 
extensive,  as  well  as  more  uniform  in  its  mineral  constitution,  than  the 
Cambrian  group.    It  is,  perhaps,  also  more  important  economically. 

Logan,12  in  1863,  gives  a  general  summary  of  the  information  as  to 
the  Huronian  series  north  of  lake  Huron.  This  area  is  mapped  in 
detail.  It  extends  along  the  entire  North  channel  of  lake  Huron,  with 
the  exception  of  a  short  distance  where  the  Laurentian  occupies  the 
shore.  The  full  section  on  the  north  shore  of  lake  Huron  is  as  fol- 
lows, from  the  bottom  upward:  (1)  gray  quartzite,  500  feet;  (2)  green 
chlorite  slate,  200  feet;  (3)  white  quartzite,  1,000  feet;  (4)  lower  slate 
conglomerate,  1,280  feet;  (5)  limestone,  300  feet;  (6)  upper  slate  con- 
glomerate, 3,000  feet;  (7)  red  quartzite,  2,300  feet;  (8)  red  jasper 
conglomerate,  2,150  feet;  (9)  white  quartzite,  2,970  feet;  (10)  yellow 
chert  and  limestone,  400  feet;  (11)  white  quartzite,  1,500  feet;  (12) 
yellowish  chert  and  impure  limestone,  200  feet;  (13)  white  quartzite, 
400  feet;  total  thickness,  18,000  feet.  Interstratiiied  with  certain  of 
these  layers,  and  particularly  Nos.  4,  6,  7,  8,  and  9  are  considerable 
masses  of  greenstone.  That  these  are  contemporaneous  overflows  in 
places  is  indicated  by  the  fact  that  they  are  amygdaloidal  and  are 
arranged  in  layers.  There  are,  however,  also  present  intrusive  masses 
of  greenstone  and  granite,  which  in  the  form  of  dikes  cut  the  stratified 
rocks  in  many  directions.  The  different  sets  of  dikes  are  of  at  least 
three  different  ages,  the  granite  being  intermediate  in  age  between  two 
greenstone  eruptions.  Many  of  the  pebbles  of  the  red  jasper  con- 
glomerate are  banded,  showing  their  derivation  from  a  more  ancient 
stratified  rock.  South  of  lake  Pakowagaming  is  a  considerable  area  of 
granite  which  breaks  through  and  disturbs  the  Laurentian  gneiss,  and 
from  which  emanates  a  complexity  of  dikes,  the  whole  being  supposed 
to  be  of  Huronian  age.  The  immediate  contact  of  the  gneiss  with 
the  overlying  rocks  has  not  been  observed.  The  gneiss  between  Mis- 
sissagui  and  St.  Marys  rivers  has  been  much  disturbed  by  intrusive 
granite  and  greenstone,  and  it  is  difficult  to  make  out  how  the  stratified 
portions  are  related  to  each  other.  Near  Les  Grandes  Sables,  a  gray 
quartzite,  supposed  to  be  the  lowest  Huronian,  abuts  against  one  mass 
of  gneiss,  and  runs  under  another  and  appears  to  be  much  broken  by 
and  entangled  among  the  intrusive  rock.    On  lake  Temiscamang  the 
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Laurentian  gneiss  is  followed  by  a  slate  conglomerate  which  contains 
pebbles  and  bowlders  sometimes  a  foot  in  diameter  of  the  subjacent 
gneiss.  The  Huronian  of  lake  Huron  is  correlated  with  the  lower  cop- 
per-bearing rocks  of  lake  Superior.  Several  detailed  sections  are 
described.  The  general  sections  represent  the  Huronian  series  as 
resting  unconformably  upon  the  Laurentian. 

Logan,45  in  1865,  states  that  the  horizontal  strata,  which  form  the 
base  of  the  Lower  Silurian  in  western  Canada,  rest  upon  the  upturned 
edges  of  the  Huronian  series,  which  in  its  turn  unconformably  overlies 
the  Lower  Laurentian.  The  Huronian  is  believed  to  be  more  recent 
than  the  Upper  Laurentian  series,  although  the  two  formations  have 
never  yet  been  seen  in  contact. 

Selwyn,30  in  1884,  west  of  Wahnahpitae  river,  on  the  Canadian  Pacific 
railway,  for  80  miles,  finds  Laurentian  rocks,  which  consist  of  felsites 
or  felsitic  quartzites,  thin  bedded  quartzites  which  hold  angular  frag- 
ments of  granite  and  gneiss,  diorite  and  diabase,  with  a  series  of  coarse 
and  fine  fragmental  beds  varying  in  character  from  a  fine  ash  to  coarse 
agglomerate. 

Irving,46  in  1887,  summarizes  the  information  of  the  Canadian  Survey 
with  reference  to  the  Huronian  of  lake  Huron,  and  describes  a  contact 
near  Thessalon  river  between  the  underlying  gneissic  series  and  the 
overlying  Huronian.  Here  a  basal  conglomerate,  containing  partly 
rounded  and  angular  fragments  up  to  2  feet  in  diameter,  largely  derived 
from  the  immediately  underlying  gneiss,  rests  directly  upon  the  up- 
turned edges  of  the  gneissic  series.  Such  a  contact  indicates  a  great 
structural  break,  whether  the  underlying  gneissic  series  is  of  eruptive 
or  of  sedimentary  origin.  If  sedimentary,  it  must  have  been  metamor- 
phosed to  its  present  crystalline  condition  and  upturned  before  the  frag- 
mentals  were  deposited  upon  it;  if  eruptive,  its  coarsely  crystalline 
character  shows  that  it  belongs  to  the  deep-seated  rocks  which  must 
have  crystallized  at  depth,  and  therefore  has  been  subjected  to  great 
erosion  in  order  that  this  class  of  rocks  may  be  found  at  the  surface. 
Such  a  contact  is  also  found  at  two  or  three  other  points  on  the  Algoma 
branch  of  the  Canadian  Pacific  railway,  and  particularly  at  the  vicinity 
of  the  mouth  of  Serpent  river.  Logan's2  green,  chloritic  slate  is  com- 
posed of  diabase  sheets*  and  a  little  interleaved  fragmental  material, 
perhaps  partly  volcanic  ash. 

Winchell  (N.  H.),47  in  1888,  describes  many  localities  within  the 
Original  Huronian.  Logan's  chloritic  slates,  as  well  as  the  greenstones, 
are  regarded  as  accidental  features,  the  former  being  a  part  of  the  basic 
eruptive  rocks  of  the  region.  Vast  outflows  of  greenstone  cover  many 
square  miles  in  the  Thessalon  valley  and  constitute  hill  ranges  as  con- 
spicuous as  those  of  any  hill  rock  in  the  region.  This  series  is  classified 
and  parallelized  with  the  Minnesota  rocks,  as  follows : 
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Original  Huronian.  Minnesota  equivalents. 

(  Pewabic  quartzite  (?). 
Otter  Tail  quartzite N  New  Ulm^  Pokegama  aud  Waug. 

Tliessalon  quartzite (     waugoning  quartzites. 

Black  slate Animikie  black  slate. 

"Litliographic stone"  and  fine  gray  quartzite  ..Not  known. 

Red  felsite Felsites  at  Duluth  and  probably  the 

Great  palisades. 

Mississagui  quartzite Not  known. 

Slate  conglomerate Ogisbki  conglomerate. 

Chert  and  quartzite  pebbles  in  the  Tliessalon  quartzite  lead  to  the 
inference  that  this  is  unconformably  upon  the  black  slate.  The  exist- 
ence of  granite  bowlders  in  the  slate  conglomerate  indicates  another 
unconformity  between  it  and  the  granites  of  the  region.  In  this  latter 
case  the  evidence  is  conclusive,  and  in  the  former  it  is  inconsiderable. 

Winchell  (Alex.),48  in  1888,  also  gives  many  observations  upon 
the  original  Huronian.  In  the  Huronian  system  is  a  large  volume  of 
eruptive  rock  with  a  great  thickness  of  rocks  of  undoubted  sedimen- 
tary origin,  with  an  equal  volume  of  an  obscure  slaty  character.  The 
latter  appear  to  constitute  the  green  chlorite  schist  of  Logan,  which  is 
either  an  ancient  or  much  altered  eruptive  or  highly  altered  sedimen- 
tary material.  The  quartzites  contain  angular  fragments  of  such  a 
character  that  they  seem  to  be  derived  from  this  diabase  schist;  and 
this  circumstance  countenances  the  theory  that  the  latter  are  older  and 
probably  sedimentary  in  origin.  The  Huronian  of  Canada,  in  descend- 
ing order,  is  as  follows:  Otter  Tail  white  quartzite,  4,000  feet;  Thessa- 
lon red  and  gray  quartzite,  5,000  feet;  Otter  Tail  cherty  limestone,  100 
feet;  Upper  Plummer  conglomeratic  and  siliceous  argillite,  500  feet; 
red  felsite,  granulite,  and  quartzite,  100  feet;  lower  conglomeratic  and 
siliceous  argillite,  7,400  feet;  Bruce  limestone,  100  feet;  Mississagui 
vitreous  quartzite,  3,750  feet.  This  succession  includes  neither  the 
lower  nor  the  upper  limit  of  the  Huronian.  At  St.  Joseph's  island  the 
Huronian  is  immediately  overlain  by  a  fossiliferous  limestone,  appar- 
ently the  Chazy.  It  thus  appears  that  the  Huronian  is  a  system  fol- 
lowing downward  immediately  below  the  Lower  Silurian,  and  if  no 
intervening  terranes  are  wanting  it  occupies  the  position  of  the  Taconic 
of  Emmons  and  the  Lower  Cambrian  of  Sedgwick.  The  lower  limit  of 
the  Huronian  must  be  succeeded  by  a  formation  of  vitreous  quartz,  red 
jasper,  and  graywacke,  besides  greenstones,  red  granulite,  red  gneiss, 
mica-bearing  granite,  since  fragments  of  all  these  are  found  in  the 
Huronian.  It  may  be  that  the  quartzite  pebbles  are  derived  from  the 
Mississagui  quartzite,  but  the  red  jasper  and  greywaeke  must  have 
been  derived  from  a  terrane  older  than  the  Huronian  and  newer  than 
the  crystalline  masses  of  the  Lauren tian. 

.  Bonney,49  in  1888,  discusses  the  development  of  the  crystalline 
schists  in  the  neighborhood  of  Sudbury.  The  semicrystallines  can  be 
easily  separated  from  the  thoroughly  crystalline  rocks  of  the  Lauren- 
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tian.  In  the  Huronian  rocks  two  groups  may  be  distinguished,  one  of 
which  is  slightly  altered  and  the  other  very  much  more  extensively 
modified.  The  semi3rystallines  are  compared  With  those  of  like  char- 
acter in  Great  Britain. 

Barlow,50  in  1890,  describes  the  relations  between  the  Huronian 
and  Laurentian  north  of  lake  Huron.  At  many  localities  the  contact 
is  found  to  be  an  irruptive  one,  the  granite  and  gneiss  intruding  the 
Huronian  elastics.  Very  often  the  Huronian  strata  dip  into  or  under 
the  gneiss,  although  often  the  Huronian  beds  are  superimposed  upon 
the  gneiss  in  perfect  conformity,  and  occasionally  gneiss  is  seen  dipping 
away  from  the  vertical  Huronian  strata.  Huronian  rocks  are  also  seen 
resting  unconformably  upon  the  upturned  edges  of  Laurentian  gneiss. 
The  Huronian  strata  are  often  metamorphosed  where  in  contact  with 
the  gneiss.  These  different  phenomena  are  all  explained  by  the  later 
irruptive  character  of  the  gneiss.  It  is  concluded  that  the  Huronian 
system  is  the  oldest  series  of  sedimentary  strata  known  in  this  region. 

Bell51,  in  1890,  states  that  stretching  from  lake  Huron  to  lake  Temis- 
camang  is  the  greatest  area  of  Huronian  rocks  in  Canada.  The  most 
prevalent  rock  in  this  region  is  graywacke,  often  conglomeratic.  An- 
other rock  of  great  abundance  is  a  quartz-diorite.  These  two  are  the 
parent  rocks  of  the  Huronian.  The  quartzites  and  clay- slates  are  but 
phases  of  the  graywacke.  The  rocks  of  this  region  show  three  ways  by 
which  gneiss  may  be  formed,  namely,  by  the  direct  conversion  of  the 
thin  bedded  or  slaty  varieties  of  graywacke,  by  the  alteration  of  the 
mixed  quartz  and  feldspar  rock  derived  from  other  varieties  of  it,  and 
by  the  alteration  of  the  modified  quartz-diorites.  The  dolomites  are  of 
a  concretionary  or  segregated  nature,  derived  from  the  hornblende  and 
augite  of'the  rocks  with  which  they  are  associated.  During  the  process 
of  conversion  from  graywacke  into  syenite,  strings  and  veins  of  mag- 
netite have  formed. 

Winchell  (Alex.)52,  in  1890,  gives  further  observations  on  the  orig- 
inal Huronian  region.  Northwest  of  Echo  lake  is  found  a  series  of 
argillites,  slates,  quartzites,  and  schists,  which  are  frequently  conglom- 
eratic and  in  one  place  contain  outcrops  of  hematite.  These  strata  are 
close  to  a  vertical  attitude,  strike  nearly  east  and  west,  and  resemble  the 
Knife  lake  series  and  Ogishki  conglomerates  of  Minnesota.  These 
rocks  can  not  belong  to  the  same  system  as  the  quartzites,  upper 
slate  conglomerates,  and  limestone  of  the  Huronian,  which  dip  at  an 
angle  of  20°.  There  is  here  a  genuine  discordance  of  stratification,  and 
two  series,  not  one,  as  mapped  by  Logan.  The  lower  system  is  the 
formation  which  occurs  at  Gros  cap,  Goulais  bay,  and  Dore  river,  which 
was  identified  by  Logan  with  the  Huronian  of  lake  Huron.  The  author 
is  convinced  also  of  their  identity  with  the  vertical  strata  in  Minnesota 
and  Canada  known  as  the  Keewatin  system.  It  is  also  clear  that  these 
gnarled,  green  pebble  slates  are  the  prolongation  of  the  lower  slate  con- 
glomerate of  the  Thessalon  valley. 
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Winchell  (Alex.)53,  in  1891,  maintains  that  the  Original  Huronian 
is  divisible  into  two  unconformable  series,  the  break  occurring  between 
the  upper  and  lower  slate-conglomerates,  and  the  limestone  belonging 
With  the  upper  series.  The  descriptions  of  this  region  by  Murray  indi- 
cate that  near  lake  Wahnapitae  there  is  a  stratigraphic  unconformity 
between  the  upper  and  lower  divisions  of  the  Original  Huronian,  as 
here  the  slate-conglomerates  are  in  a  nearly  vertical  attitude,  while  the 
newer  members  seldom  have  an  inclination  greater  than  45°.  In  every 
instance  in  which  the  lower  slate-conglomerate  has  been  traced  by  Logan 
or  Murray  to  the  proximity  of  the  gneiss  these  formations  seem  to  be 
conformable  in  position,  though  the  actual  juxtaposition  was  concealed. 
At  Murray  hill  the  slate-conglomerate  has  a  dip  to  the  southward  of 
78°,  while  2  miles  south  of  this  the  slate-conglomerate  has  a  dip  of  40° 
toward  S.  30°  W.  The  first  is  regarded  as  the  lower  slate-conglomerate 
and  the  second  as  the  upper  slate-conglomerate.  At  the  junction  of  the 
Sudbury  branch  of  the  Canadian  Pacific  railway  with  Vermilion  river 
-  an  arenaceous  slaty  rock,  having  a  dip  of  45°,  rests  on  a  different  schist 
having  a  different  dip.  At  this  locality,  according  to  Lawson,  the 
unconformity  is  similar  to  that  at  Penokee  gap,  Wisconsin.  The  lower 
rock  is  a  fine  micaceous  gneiss  or  mica-schist,  and  the  upper  rock  is 
interbedded  quartzite  and  gray  argillite.  At  Echo  lake  is  a  series,  in 
descending  order,  of  sla^te-conglomerate  and  quartzite,  with  a  dip  of 
about  20c ;  after  this  is  an  interval  of  a  third  of  a  mile,  and  then  ap- 
pears a  quartzose  slate-conglomerate  comparable  with  the  Ogishki  con- 
glomerate $  this  is  followed  by  quartzite,  and  this  by  alternations  of 
quartzite,  quartz-schist,  and  various  slates,  schists,  and  argillites,  the 
series  having  a  dip  of  75°  to  80°  southwesterly,  and  being  as  a  whole 
more  crystalline  than  the  upper  system.  It  is  concluded  that  the  name 
Huronian  must  be  restricted  to  the  upper  or  lower  system ;  and  if  re- 
stricted to  the  upper  system  it  remains  attached  to  the  best  known  and 
'  most  characteristic  portion  of  the  old  complex  Huronian.  For  the  older 
system,  not  distinctly  named  until  1886  as  Keewatin  by  Lawson,  the  term 
Kewatian  is  proposed. 

Bell,54  in  1891,  describes  the  geology  of  the  district  of  Sudbury.  The 
main  outlines  of  the  great  Huronian  area  of  this  region  are  given. 
Within  this  region  are  many  inliers  of  gneiss  and  red  quartz-syenite, 
which  correspond  with  Laurentian  types  of  rock,  and  it  is  uncertain 
whether  they  are  protrusions  of  the  older  rocks  from  beneath  or  whether 
some  of  them  may  not  be  portions  of  the  Huronian  itself  which  have 
undergone  further  metamorphism.  In  the  Sudbury  district  many  of 
the  areas  consist  of  separate  masses,  like  large  and  small  bowlders,  the 
interspaces  being  filled  by  a  breccia  with  a  dioritic  paste,  and  suggest- 
ing that  these  rocks  maybe  underlain  at  no  great  depth  by  diorite 
which  was  in  a  soft  condition  after  the  gneiss  and  syenite  had  been  con- 
solidated. At  some  places  within  the  syenite  area,  as,  for  example, 
about  two  miles  west  of  Gartier,  a  massive  fine  grained  rock  like  some 
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varieties  of  graywacke  may  be  seen  passing  into  thoroughly  crystalline 
quartz-syenite.  The  rocks  in  greatest  quantity,  and  those  which  con- 
stitute the  lowest  member  of  the  Huronian  series  between  lakes  Huron 
and  Wahnapitae,  are  quartzose  graywackes  and  quartzites,  with  occa- 
sionally a  little  felsite.  In  this  member  of  the  series  crystalline  diorites 
occur  as  intruded  masses,  varying  from  a  half  a  mile  to  ten  miles  in 
length.  Also  are  associated  obscurely  stratified  varieties  of  quartz- 
diorite  and  of  dioritic  and  hornblendic  schists,  and  also  compact  brown- 
weathering  dolomite.  The  next  member  of  the  series  in  ascending  order 
is  a  black  volcanic  glass  breccia  consisting  of  angular  fragments  crowded 
together.  The  highest  rocks  of  the  series,  or  those  which  occupy  the 
center  of  the  trough,  are  evenly  bedded  argillaceous  sandstones  or  gray- 
wackes, inter  stratified  with  slaty  belts  and  overlain  at  the  summit  by 
black  slates.  The  stratified  Huronian  rocks,  as  well  as  the  gneiss  and 
quartz- syenite,  are  traversed  by  dikes  of  coarsely  crystalline  diabase, 
which  are  often  large  and  can  be  traced  for  considerable  distances. 

Winchell  (N.  H.),55in  1891,  gives  further  observations  upon  the  Hu- 
ronian. Northwest  of  Sudbury  and  eastward  from  Algoma  there  are 
two  formations.  In  both,  the  slate  and  slate  conglomerate  constitute 
the  upper  formation.  In  the  Sudbury  region  the  underlying  rocks  are 
largely  felsitic,  but  are  also  occasionally  micaceous  and  hornblendic. 
In  the  section  eastward  from  Algoma  the  underlying  formation  seems 
to  be  the  Mississagui  quartzite,  with  interbedded  green  fissile  schist, 
with  mica-schist  varying  into  hornblende- schist.  Logan's  Mississagui 
quartzite  is  supposed  not  to  be  Logan's  lowest  gray  quartzite,  but 
is  probably  a  constituent  part  of  the  Keewatin.  It  is  concluded  that 
the  observations  confirm,  or  at  least  do  not  contravene,  the  conclusion 
that  the  Huronian  system  of  the  Canadian  reports  embraces^ two  or 
three  formations,  one  of  these  the  true  Huronian,  first  described  and 
mapped  by  Murray ;  another,  the  Keewatin  of  Lawson;  and  another, 
the  series  of  crystalline  schists  styled  the  Vermilion  series. 

Pumpelly  and  Van  Hise,56  in  1892,  describe  the  relations  of  the  Hu- 
ronian and  Laurentian  and  also  give  evidence  for  the  divisibility  of 
the  Huronian  into  two  series  as  advocated  by  Winchell. 

In  reference  to  the  latter  point,  at  a  limestone  quarry  about  2  miles 
northeast  of  Garden  river,  the  upper  slate  conglomerate  was  found  in 
actual  contact  with  the  limestone  member.  This  conglomerate  has  a 
rough  appearance  of  stratification  and  bears  numerous  fragments  of 
limestone,  many  of  them  more  than  a  foot  in  length  and  all  in  precisely 
the  condition  in  which  is  now  the  original  limestone.  In  this  conglom- 
erate are  also  numerous  fragments  of  schist  and  granite.  The  line  of 
contact  could  be  traced  only  a  short  distance,  and  it  appears  to  follow 
somewhat  closely  the  lamination  of  the  limestone.  These  relations 
clearly  indicate  that  after  the  limestone  was  deposited,  before  the  be- 
ginning of  the  time  of  the  upper  slate  conglomerate,  there  was  a  con- 
siderable interval  of  erosion.    The  observations  thus  tend  to  confirm 
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Winchell's  conclusion  that  the  Laurentian  is  divisible  into-two  dis- 
cordant series,  the  break  occurring  above  the  lower  limestone.  If  this 
break  shall  prove  to  be  general  at  this  horizon,  it  places  in  the  Lower 
Huronian,  using  Logan's  thicknesses  for  the  formations,  about  5,000 
feet,  and  in  the  Upper  Huronian  about  13,000  feet. 

Almost  immediately  below  the  limestone  was  found  the  lower  slate 
conglomerate,  which  in  lithological  character  is  precisely  like  the  slate 
conglomerate  in  contact  with  the  granite  below  described. 

As  bearing  upon  the  relations  of  the  Huronian  and  Laurentian,  one 
new  locality  was  found,  and  the  contact  described  by  Irving  east  of 
Thessalon  was  again  examined.  About  two  miles  northwest  of  Garden 
river  the  lower  slate  conglomerate  of  Logan  was  traced  downward  into 
a  finely  laminated  semicrystalline  quartzose  schist,  and  this  downward 
into  a  basal  conglomerate  and  recomposed  granite  which  rests  almost 
directly  upon  the  solid  granite.  The  major  part  of  the  debris  of  the 
basal  bowlder  conglomerate  is  derived  from  the  immediately  subjacent 
granite.  The  evidence  of  erosive  unconforinability  is  thus  of  the  clear- 
est character.  The  likeness  of  the  slate  conglomerate  at  this  locality 
to  that  below  the  limestone,  the  metamorphosed  character  of  the 
quartzose  schist  and  the  steepness  of  the  inclination  of  the  rocks  all 
bear  toward  the  correctness  of  Logan's  mapping,  that  this  slate  con- 
glomerate is  the  lower  one,  and,  if  so,  the  unconformable  contact  is 
between  the  lower  series  of  the  Huronian  and  the  granite. 

At  the  contact  between  the  lower  quartzite  of  Logan  and  the  Lauren- 
tian east  of  Thessalon,  described  by  Irving,  it  was  found  that  the 
relations  could  be  much  more  clearly  seen  than  at  the  time  the  locality 
was  visited  by  Irving,  because  the  water  was  very  low,  and  two  islands 
upon  which  the  contact  occurs  were  then  submerged.  The  Laurentian 
area  does  not  consist  of  simply  granite  or  gneiss,  as  might  be  inferred 
from  Logan's  mapping,  but  is  an  intricate  complex  of  granite,  gneiss,  and 
schist.  The  granite  has  intruded  the  schist  and  fine  grained  gneisses  in 
the  most  intricate  manner.  In  many  places  large  roundish  fragments 
of  schist  or  gneiss  are  contained  in  granite,  and  these  have  a  decidedly 
water-worn  appearance.  However,  in  any  given  area  the  fragments 
are  always  of  material  identical  with  that  of  the  immediate  adjacent 
gneiss  or  schist.  In  short,  the  rocks  furnish  one  of  the  most  beautiful 
illustrations  of  the  relations  described  by  Lawson  between  schists  and 
gneisses  and  a  later  intrusive  granite.  Resting  upon  this  complex 
was  found  a  great  bowlder  conglomerate  which  differs  radically  in 
its  character  from  the  pseudo-conglomerates  of  the  Laurentian.  The 
pebbles  and  bowlders  instead  of  being  widely  separated  are  packed 
closely  together.  Within  a  very  small  area,  a  square  yard  or  square 
rod,  may  be  found  all  varieties  of  the  material  to  be  found  within  the 
basement  complex:  that  is,  many  phases  of  crystalline  schist,  gneiss, 
granite,  and  granite  gneiss.  On  one  of  the  islands  in  which  the  Con1  act 
was  seen,  the  line  of  separation  is  perfectly  sharp  and  irregular,  bend- 
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ing  at  one  place  at  an  angle  of  50°.  Also  the  foliation  of  the  granite- 
gneisses  abnts  almost  at  right  angles  against  the  line  of  contact  at  one 
place.  The  contact  here,  then,  has  all  the  characteristics  of  one  of  erosive 
unconformability.  Upon  the  second  island,  instead  of  a  clear  line  of 
contact  between  the  conglomerate  and  the  basement  complex  there  is 
an  apparent  gradation,  the  change  occurring  within  5  or  6  feet.  Here 
the  solid  granite-gneiss  is  first  broken;  then  in  passing  npward  the  an- 
gular fragments  have  moved  somewhat;  in  passing  still  farther  upward 
they  become  roundish  and  are  mingled  with  extraneous  material,  until 
a  bowlder  conglomerate  is  reached  which  is  in  every  respect  like  that 
before  described.  This  relation  is  not  uncommon  when  an  encroaching 
shore-line  overrides  a  rock  formation. 

It  is  concluded  that  between  the  lowest  members  of  the  Original 
Huronian  series  and  the  granite-gneiss-schist  basement  complex  which 
Logan  has  called  Laurentian,  there  is  the  clearest  evidence  of  a  very 
great  unconformity.  Also,  that  the  Laurentian  series,  instead  of  being 
a  simple  one,  consists  of  rocks  of  many  different  kinds  and  has  a  most 
complex  history. 

SUMMARY  OF  RESULTS. 


Bigsby's  Transition  formation  is  that  to  which  the  term  Huronian  was 
later  applied  by  Logan  and  Murray,  and  his  description  of  this  series 
is  hence  the  earliest.  From  the  first  it  is  plain  that  Murray  does  not 
consider  the  series  as  metainorphic,  since  it  is  excluded  from  the  rocks 
to  which  that  tennis  applied.  It  is  also  plain  that  the  true  nature  of 
the  interbedded  greenstones  was  appreciated.  Logan  was  distinctly  a 
stratigraphical  geologist,  who  believed  in  extreme  metamorphism  of 
sedimentary  beds,  yet  he  also  clearly  saw  that  the  greenstones  associ- 
ated with  the  fragmental  rocks  could  not  be  regarded  as  other  than 
of  igneous  origin. 

As  to  the  relations  of  the  Huronian  and  Laurentian  north  of  lake 
Huron,  Murray  made  the  distinction  in  1857  to  rest  upon  age  and  upon 
lithological  characteristics,  the  Laurentian  being  older  and  more  com- 
pletely crystalline  than  the  Huronian.  While  the  Huronian  and  Lau- 
rentian by  Logan  and  Murray  are  not  described  at  any  definite  locality 
as  having  unconformable  relations,  the  former  states  that  the  Huro- 
nian is  a  stratified  series  and  reposes  discordantly  upon  the  Lauren- 
tian system,  and  in  1858  he  again  clearly  indicates  the  same  thing  by 
the  statement  that  in  the  slate  conglomerates  are  bowlders  and  peb- 
bles derived  from  the  subjacent  gneiss  and  that  the  lower  formation 
was  consequently  converted  into  gneiss  and  probably  greatly  disturbed 
before  the  upper  series  was  laid  down.  In  1865,  Logan  further  says 
that  the  Huronian  unconformably  overlies  the  lower  Laurentian,  and 
is  believed,  although  not  found  in  contact  with  it,  to  be  more  recent 
than  the  upper  Laurentian.  These  statements  are  emphasized  by  his 
sections  published  in  1863,  which  represent  the  Huronian  as  resting 
unconformably  upon  the  Laurentian.  The  first  to  describe  an  actual 
contact  between  the  underlying  gneissic  series  and  the  overlying  Huro- 
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nian  was  Irving,  who  in  1887  clearly  showed  that  such  an  unconformity 
occurs.    The  observations  of  Pumpelly  and  myself  reenforce  this  con 
elusion  and  show  that  between  the  lowest  member  of  the  Huronian  and 
Laurentian  complex  is  a  very  great  discordance. 

The  facts  given  by  Barlow,  taken  in  connection  with  the  foregoing, 
show  that  he  Las  neglected  to  differentiate  the  clastic  rocks  of  the 
Huronian,  from  the  more  ancient  underlying  crystalline  gneisses.  Also, 
he  has  failed  to  separate  an  earlier  granite-gneiss  from  a  later  intrusive. 
That  a  part  of  the  granite  is  eruptive,  of  later  age  than  the  Huronian, 
was  as  well  known  to  Logan  and  Murray  as  to  Barlow.  These  early 
geologists  recognized  both  a  later  granite  and  a  granite-gneiss  basement 
complex  upon  which  the  Huronian  was  deposited,  while  the  latter 
failed  to  make  this  fundamental  discrimination.  He  saw  the  former 
and  assumed  that  this  covered  the  entire  ground. 

As  to  the  position  taken  by  Alexander  Winchell,  that  the  Original 
Huronian  is  divisible  into  two  unconformable  series,  it  may  be 
remarked  that  the  locality  in  which  the  strongest  evidence  for  this  is 
given,  Echo  lake,  is  on  the  outskirts  of  the  area  mapped  in  detail  by 
Logan  and  Murray.  Before  accepting  the  conclusion  that  these  geolo- 
gists, in  their  careful  work  extending  over  several  years  in  the  area  of 
the  Original  Huronian,  have  overlooked  a  great  unconformity  and  have 
misunderstood  what  part  of  the  area  is  covered  by  lower  slate  con- 
glomerate and  what  by  upper  slate  conglomerate,  we  ought  to  have  the 
most  decisive  evidence.  However,  the  observations  of  Pumpelly  and 
myself  tend  toward  the  correctness  of  Winchell's  first  conclusion.  At 
least  between  the  limestone  and  the  upper  slate  conglomerate,  in  places, 
there  has  been  a  considerable  erosion  interval.  That  with  the  Huronian 
in  the  more  general  work  of  later  years  Logan  and  Murray  placed  two 
discordant  series  is  certain.  The  same  was  done  by  the  geologists  on 
the  south  shore  of  lake  Superior,  and  in  view  of  this  very  common  ref- 
erence it  is  stated  in  another  place  that  for  these  two  series  the  terms 
Upper  Huronian  and  Lower  Huronian  are  used.  If  it  is  really  the  case 
that  in  the  Original  Huronian  of  the  north  channel  of  lake  Huron,  in 
the  area  covered  by  the  detailed  map  of  1863,  two  discordant  series  do 
exist3  this  suggestion  is  eminently  appropriate. 

Great  indisputable  results  were  reached  by  the  early  Canadian 
geologists,  Logan  and  Murray.  This  district  north  of  lake  Huron  was 
the  first  in  which  it  was  shown  that  an  unmistakable  detrital  and 
little  metamorphosed  series  of  rocks  rests  unconformably  under  the 
upper  Cambrian.  Also  it  was  shown  that  this  series  is  of  such  a  char- 
acter that  the  ordinary  stratigraphical  methods  apply,  and  Logan  and 
Murray  were  able  to  subdivide  it  into  formations  upon  a  lithological 
basis  in  the  same  fashion  as  is  done  in  fossiliferous  series.  This  is  so 
evident  that  it  would  not  be  emphasized  if  it  had  not  been  denied. 
Far  more  to  the  credit  of  Logan  and  Murray  is  the  recognition  of  the 
character  of  the  amygdaloids  and  the  interbedded  greenstones,  ^o 
extreme  metamorphic  theory  was  applied  to  them,  and  they  were  dis- 
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tinctly  regarded  as  an  exception  to  the  ordinary  stratigraphieal  laws 
and  separated  both  in  descriptions  and  mapping.  This  is  the  more 
creditable  because  for  many  years  afterwards  similar  rocks  were  sup- 
posed by  many  other  writers  to  be  parts  of  the  stratified  successions  in 
a  completely  metamorphosed  condition  had  caused  them  to  become 
crystalline.  Finally  it  was  recognized  that  this  Huronian  series  rests 
unconformably  upon  an  older  gneissic  and  granitic  crystalline  series, 
which  has  yielded  abundant  fragments  to  the  overlying  rocks. 

To  the  person  who  hypothecates  that  all  pre-Oambrian  rocks  are 
wholly  crystalline  and  that  all  truly  detrital  rocks  are  Cambrian  or 
post-Cambrian,  these  conclusions  prove  only  that  inferior  to  the  Pots- 
dam sandstone,  and  separated  from  it  by  a  great  unconformity,  is  a 
series  of  rocks  of  great  thickness,  having  a  number  of  persistent  mem- 
bers of  varying  lithological  character,  which  are  lower  Cambrian.  But 
this  position  does  not  lessen  the  value  of  the  work  done;  for  it  would 
still  be  true  that  the  Huronian  series  was  the  first  so  low  in  the  geolog- 
ical column  in  which  the  above  facts  were  shown. 

The  only  rocks  in  the  Original  Huronian  area  which  Logan  correlated 
with  those  of  the  Original  Laurentian  area  are  the  unconformably  under- 
lying granitic  and  gneissic  series.  These  were  called  lower  Laurentian, 
the  idea  being  evidently  to  correlate  them  with  the  lower  non calcareous 
division  of  the  Original  Laurentian.  This  correlation  was  plainly  made 
on  the  ground  of  lithological  likeness.  That  the  Huronian  is  more 
recent  than  the  upper  Laurentian  was  stated  only  as  a  belief.  This 
belief  appears  to  have  been  based  upon  the  "nonmetamorphie"  char- 
acter of  the  Huronian  as  compared  with  the  upper  Laurentian.  It  is 
also  possible  that  the  fact  that  there  is  a  structural  break  on  the  north 
shore  of  lake  Huron,  between  the  Huronian  and  the  gneissic  series, 
whereas  no  such  break  was  found  between  the  upper  and  lower  divis- 
ions of  the  Original  Laurentian,  had  an  influence  in  leading  to  this 
conclusion. 
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CHAPTEE   II. 

LAKE  SUPERIOR  REGION. 

SECTION  I.      WORK  OF  THE  OFFICIAL  GEOLOGISTS  OF  THE  CANADIAN 
SURVEY  AND   ASSOCIATES. 

Bigsby,1  in  1825,  describes  in  detail  the  roGks  at  many  points  along 
the  north  shore  of  lake  Superior,  between  the  falls  of  St.  Mary  and 
Grand  Portage,  an  interval  of  445  miles.  The  varieties  of  rocks  are 
few  in  number  when  compared  with  a  similar  extent  of  country  in 
Europe.  Of  mica-slate,  clay-slate,  etc.,  not  a  vestige  was  found,  not  even 
in  debris,  nor  of  any  secondary  deposits  above  the  Mountain  limestone. 
Sandstone,  under  various  modifications,  occupies  the  greatest  space; 
in  intimate  connection  with  the  next  prevailing  rocks,  the  amygdaloids, 
porphyries,  and  greenstone  trap.  The  alternating  granites  and  green- 
stones of  the  northeastern  and  eastern  coasts  are  nearly  equal  in  quan- 
tity to  these.  The  granites  and  syenites  are  not  stratified.  The  por- 
phyry, amygdaloid,  and  sandstone  are  considered  contemporaneous  and 
newer  than  the  granites,  although  not  much,  as  indicated  by  the  transi- 
tions and  alternations  occurring  about  Gargantua.  The  age  and  con- 
nections of  the  greenstone  trap  the  author  is  not  prepared  to  state. 
The  sandstone  is  most  probably  Old  Red,  a  conclusion  reached  from  the 
materials  composing  it,  and  its  direct  superposition  on  inclined  rocks  in 
this  and  other  great  lakes  of  the  St.  Lawrence  and  because  it  supports 
a  fossiliferous  limestone  full  of  products,  turbinolise,  caryophyllia', 
trilobites,  conularige,  encrinites,  and  orthoceratites,  etc.  The  granite 
and  syenite  seem  to  be  of  the  same  age  and  belong  to  the  transition  or 
to  the  youngest  of  the  x>rimitive. 

On  the  old  route  from  lake  Superior  to  the  lake  of  the  Woods  (for 
430  miles)  is  an  alternation  of  chloritic  greenstone  and  amphibolitic 
granite,  but  at  and  toward  the  lake  of  the  Woods  the  greenstone, 
passes  into  gneiss,  and  mica-slate,  traversed  in  many  ways  and  in  great 
quantities  by  graphic  granite. 

Bayfield,2  in  1829,  gives  an  outline  of  the  geology  of  lake  Superior. 
The  rocks  of  the  lake  are  divided  into  four  divisions :  First,  the  inferior 
order,  comprising  granites,  which  almost  always  contain  more  or  less 
hornblende.  In  this  division  neither  gneiss  nor  mica-slate  was  met 
with,  although  the  granite  by  the  abundance  of  its  mica  or  lamellar 
structure  may  for  a  short  distance  assume  the  appearance  of  either, 
Second,  the  submedial  order,  which  includes  greenstones,  common 
jaspery  variety  of  greenstone  slates,  flinty  chlorite,  talcose  slate,  and  in 
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one  place  alone  transition  limestone,  with  perhaps  traces  of  gray  wacke. 
Third,  trap  or  overlying  rock,  the  most  of  which  is  amygdaloid ;  various 
kinds  of  porphyry  are  next  in  quantity ;  then  trap,  greenstone,  syenites, 
and  pitchstone.  Fourth,  the  medial  order,  the  only  rock  of  which  is 
the  Old  Eed  sandstone.  Then  follows  an  account  of  the  distribution 
of  each  of  these  orders.  The  amygdaloid  with  little  doubt  rests  upon 
the  syenite  and  granite,  although  the  junction  was  never  seen.  The 
amygdaloid  passes  into  greenstone  on  the  one  hand  simply  by  being 
divested  of  its  nodules,  and  into  porphyry  on  the  other.  The  Old  Bed 
sandstone  may  be  traced  from  one  extremity  of  the  lake  to  the  other. 
Its  existence  is  noticed  on  both  shores,  and  it  is  traced  across  the  lake 
by  many  of  the  islands,  so  as  to  leave  no  doubt  of  its  being  a  general 
formation  throughout  the  whole  of  the  basin  of  lake  Superior.  It  is 
generally  horizontally  stratified  or  nearly  so.  There  are  many  instances 
of  the  conjunction  of  the  sandstone  and  granite,  winch  serve  to  prove 
that  the  sandstone  was  deposited  after  the  granite  occupied  its  present 
position.  The  sandstone,  when  conglomeratic,  as  is  very  frequently 
the  case,  contains  fragments  of  the  trap  as  well  as  of  the  inferior  order, 
which  are  rounded  by  attrition,  and  it  is  therefore  plain  that  the  sand- 
stone is  later  than  the  trap  rocks.  Organic  remains  were  sought  in 
this  rock,  but  never  discovered.  It  is  placed  as  the  Old  Eed  because 
of  its  position  immediately  on  the  granite,  its  structure,  and  component 
parts. 

Bayfield,3  in  1845,  places  with  the  Primary  rocks  most  of  the  elas- 
tics on  the  north  shore  of  lake  Superior.  These  are  cut  by  various 
greenstones.  A  red  sandstone  forms  nearly  the  entire  southern  bound- 
ary of  the  lake.  In  places  it  is  shattered  by  the  upheaval  of  granite 
and  by  trap  rocks  which  enter  into  the  composition  of  its  conglomer- 
ates. At  Mpigon  bay  it  is  overlaid  by  an  immense  bed  of  greenstone. 
It  is  probable,  although  not  certain,  that  this  sandstone  underlies  the 
fossiliferous  red  sandstone  of  St.  Marys. 

Logan,4  in  1847,  in  a  report  on  the  geology  and  economic  minerals  of 
lake  Superior,  gives  an  account  of  a  rather  detailed  examination  of  the 
north  shore  of  lake  Superior  from  Pigeon  river  to  Sault  Ste.  Marie. 
Michipicoten  island  was  also  examined.  Lake  Superior  appears  to  be 
set  in  a  geological  depression,  which  presents  formations  of  a  similar 
character  on  both  the  north  and  south  sides,  dipping  to  the  center. 
The  series  on  the  north,  in  ascending  order,  consists  of  the  following: 
(1)  Granite  and  syenite ;  (2)  gneiss;  (3)  chloritic  and  partially  talcose 
and  conglomerate  slates;  (4)  bluish  slates  or  shales,  inter  stratified  with 
trap;  (5)  sandstones,  limestones,  indurated  marls,  and  conglomerates, 
interstratified  with  trap.  The  gneiss  is  succeeded  by  dark  green  slates, 
which  at  the  base  appear  to  be  occasionally  interstratified  with  beds  of 
the  subjacent  granite  and  gneiss.  These  slaty  beds  at  times  have  the 
quality  of  a  greenstone,  at  times  a  mica-slate,  and  a  few  are  quartz 
rocks.    Higher  in  the  series  are  conglomerates,  the  pebbles  of  which 
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are  all  apparently  from  hypogene  rocks.  Formations  4  and  5  rest  un- 
conformably  upon  1,  2,  and  3,  having  sometimes  basal  conglomerates, 
the  pebbles  being  of  quartz,  red  jasper,  and  slate.  The  upper  part  of 
3  strongly  resembles  the  upper  slates  at  lake  Temiscamang.  The  suc- 
cession of  conglomerate  and  pebbly  slates  at  Gros  cap  has  a  total 
thickness  of  1,700  feet.  In  group  5  are  the  succession  of  rocks  at 
Michipicoten  island,  a  portion  of  those  at  Thunder  bay,  and  at  other 
localities.  At  Michipicoten  the  thickness  of  the  interbedded  volcanics 
and  water-deposited  elastics  is  not  less  than  10,000  or  12,000  feet. 
Group  5  exhibits  an  unconformity  to  the  granite.  The  conclusion  that 
the  copper-bearing  series  is  older  than  the  Potsdam  sandstone  arrived 
at  by  Houghton  in  1841,  is  thought  to  be  probably  true. 

Murray,5  in  1847,  in  an  account  of  the  Kaministiquia  and  Michipi- 
coten rivers,  divides  the  geological  formation  .into  three  groups:  (1) 
Granite,  syenite,  gneiss,  micaceous  and  chloritic  schist;  (2)  blackish 
argillaceous  slates,  with  associated  trap ;  (3)  drift  clays  and  sands.  At 
the  portage  of  the  Kaministiquia  a  massive  syenite  passes  into  a  gneiss- 
oid  syenite,  upon  which  rest  conformably  dark  colored  altered  slates, 
one  rock  passing  imperceptibly  into  the  other.  The  junction  of  1  and  2 
was  not  observed. 

Logan,6  in  1852,  finds  the  rocks  of  the  north  shore  of  lake  Superior 
to  have  the  following  succession:  Granite,  syenite,  and  gneiss,  or  mi- 
caceous and  hornblende- gneiss,  which  are  succeeded  by  chloritic  and 
talcose  slates,  interstratified  with  obscure  conglomerates  with  a  slaty 
base.  Upon  these  rest  unconformably  bluish  slates*  with  belts  of  chert 
and  limestone  toward  the  bottom,  and  thick  flows  of  greenstone  trap  at 
the  top.  Above  these  are  alternations  of  sandstones,  conglomerates, 
amygdaloids  and  traps,  the  whole  thickness  of  the  upper  series  above 
the  unconformity  being  not  less  than  12,000  feet.  The  conclusion  is 
reached  that  this  upper  series  is  the  equivalent  of  the  Potsdam  sand- 
stone, which  rests  unconformably  upon  the  tilted  beds  of  the  lake 
Huron  series,  and  that  both  are  contemporaneous  with  the  Cambrian 
series  of  the  British  isles. 

Bigsby,7  in  1852,  finds  the  crystalline  strata  of  the  lake  of  the  Woods 
to  conform  in  strike  with  those  several  hundred  miles  southward  on 
the  river  Mississippi.  Granite  occupies  the  axis  in  the  northeast  part 
of  the  lake  of  the  Woods,  and  is  always  the  lowest  rock,  the  gneiss, 
mica-schist  and  greenstone  dipping  away  from  it  on  both  sides.  Green- 
stone is  perhaps  the  most  abundant  rock  in  this  part  of  the  lake,  and 
greenstone  conglomerates  are  found  which  contain  black  masses  of 
greenstone  lying  with  their  greater  length  parallel  to  the  strike.  The 
granites  and  mica-slates  are  intimately  associated,  and  the  granite  in- 
cludes greenstone  in  a  thousand  tortuous  masses,  tongues,  and  slender 
veins.    Also  the  granite  is  cut  by  greenstone. 

Bigsby,8  in  1852,  divides  the  rocks  about  lake  Superior  into  (1)  Meta- 
morphic,  including  greenstone,   slates,  schists,   gneisses,   quartz  it  es, 
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jaspers,  and  crystalline  limestones;  (2)  aqueous,  including  the  ealcifer- 
ous  and  Cambrian  sandstones  and  conglomerates;  (3)  igneous,  includ- 
ing granite,  syenite,  and  trap.  The  lake  is  a  trough  or  basin  of  Cam- 
brian or  Silurian  sandstone,  surrounded  by  two  irregular  and  imperfect 
zones,  the  inner  consisting  of  traps  with  conglomerates,  the  outer-,  of 
metamorphic,  flanked  by  igneous  rocks.  The  metamorphic  rocks,  with 
the  excei> tion  of  quartzite  and  jasper,  the  oldest  in  the  lake,  support 
unconformably  the  sandstone.  These  rocks  have  been  upheaved  and 
altered  by  the  intrusion  of  igneous  rocks.  The  sandstone  is  generally 
horizontal,  except  near  the  intrusive  rocks,  where  it  rises  at  high 
angles  and  passes  into  jasper,  porphyry,  gneiss,  or  quartzite.  The  con- 
glomerate is  of  the  same  age  as  much  of  the  sandstone,  and  is  between 
it  and  the  trap;  and  there  is  reason  to  believe  that  the  sandstone  is 
interleaved  with  trap.  The  igneous  rock,  granite,  everywhere  forms 
the  nucleus  of  the  anticlinal  axes.  The  trap  rocks  are  divided  into 
crystalline  mountain  masses— sometimes  anticlinal  and  syenitic;  into 
bedded  traps;  and  into  dikes  intersecting  igneous  and  metamorphic 
rocks;  but  all  are  portions  of  one  long  series  of  volcanic  operations. 

Bigsby,9  in  1854,  finds  the  geology  of  Rainy  lake  to  be  as  follows: 
Chloritic  and  greenstone  slates,  gneiss  and  mica-slate,  in  proportional 
quantities  in  the  order  here  set  down,  seem  once  to  have  occupied  the 
lake  basin,  with  an  ENE.  strike,  and  a  NNW.  dip,  at  a  high  angle 
usually.  But  subsequently  a  very  extensive  outburst  of  granite,  with 
some  syenite,  has  taken  place,  to  the  great  disturbance  of  the  stratified 
rocks,  and  penetrating  them  both  in  intercalations  and  crosswise. 
These  intrusive  rocks  occupy  a  very  large  portion  of  the  lake,  most  of 
the  western  shore,  nearly  all  the  eastern  trough  or  arm,  and  much  of 
the  east  end  of  the  lake  about  Stokes  and  Hale  bays.  Intercalations 
of  syenite  and  hornblende- greenstone  are  frequent,  and  so  is  the  occur- 
rence of  veins  of  porphyritic  granite  traversing  the  gneiss  in  all  direc- 
tions. The  chlorite- slate  greenstone,  gneiss,  and  mica-slate  are  con- 
formable with  each  other. 

Dawson  (Sir  William),10  in  1857,  finds  between  Sault  Ste.  Marie 
and  Mamainse  three  of  the  oldest  formations  in  America  or  the  world. 
Beginning  at  the  top  are:  (1)  Potsdam  sandstone;  (2)  an  enormously 
thick  formation  of  conglomerates,  sandstones,  slate,  and  trap,  consti- 
tuting the  Huronian  series  of  Logan;  (3)  a  still  older  Lauren tian  series, 
represented  here  principally  by  syenitic  rocks  which  have  afforded  the 
material  of  the  Huronian  conglomerates.  The  sandstones  and  con- 
glomerates of  the  second  series  probably  unconformably  underlie  the 
Potsdam  sandstone,  as  is  indicated  by  their  high  inclination  and  dis- 
turbed condition. 

Logan,11  in  18G3,  finds  on  the  north  shore  of  lake  Superior  crystal- 
line stratified  rocks  which  occur  in  extensive  tracts  about  Rainy  lake 
and  lac  la  Croix,  as  well  as  adjacent  to  lake  Superior,  which  are  probably 
of   Laurentian   age.     There  are  three  areas  of  Huronian  along  the 
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northeast  coast  of  lake  Superior,  and  a  narrow  strip  of  Huronian  rocks 
are  seen  along  Thunder  bay. 

The  Laurentian  gneiss  is  succeeded  by  green  or  gray  slates,  which  at 
the  base  appear  to  be  mterstratified  with  feldspathic  beds  of  the  red- 
dish color  belonging  to  the  subjacent  gneiss.  Rising  in  the  series  the 
dark  green  slates  become  inter  stratified  with  layers  holding  a  sufficient 
number  of  pebbles  of  different  kinds  to  constitute  conglomerates.  It 
often  happens,  unless  the  pebbles  are  of  white  quartz,  that  they  arc 
very  obscurely  distinguishable  on  fracturing  the  rock,  both  the  pebbles 
and  the  matrix  having  a  gray  color,  and  showing  very  little  apparent 
difference  in  mineral  character. 

The  Dore  section,  composed  of  strata  inclined  only  10°  or  15°  from 
the  vertical,  1,700  feet  thick,  consists  mainly  of  green  slate  rock  and  a 
green  slate  conglomerate,  the  pebbles  being  of  granite,  gneiss,  syenite, 
etc.,  and  some  of  the  bowlders  of  which  are  a  foot  in  diameter.  At  the 
Dore  the  lower  part  of  the  section  assumes  more  the  character  of  a 
gneiss  and  becomes  mterstratified  with  feldspathic  layers.  The  Lau- 
rentian appears  to  be  conformable  with  and  to  grade  into  the  Huronian 
on  the  Kaministiquia  river. 

The  Huronian  formation  of  lake  Suj)erior  is  unconformably  overlain 
by  a  second  series  of  copper-bearing  rocks,  which  may  conveniently  be 
divided  into  two  groups,  the  lower  consisting  of  bluish  slates  or  shales, 
interstratified  with  chert  beds,  sandstones  and  trap,  and  the  upper  con- 
sisting of  a  succession  of  sandstones,  limestones,  marls,  and  conglom- 
erates, also  interstratified  with  trap  which  is  often  amygdaloidal.  At 
the  top  of  the  lower  group  is  a  crowning  overflow  of  trap  200  or  300 
feet  thick  and  the  whole  of  it  has  a  thickness  of  1,500  or  2,000  feet. 
The  upper  group  contains  a  great  quantity  of  trap  layers  and  has  an 
enormous  trappean  overflow,  the  total  volume  having  a  thickness  of 
between  6,000  and  10,000  feet.  Dike  rocks,  consisting  of  greenstone, 
porphyry,  and  syenite,  are  found  to  be  of  two  ages.  The  lower  group 
composes  the  whole  country,  both  islands  and  mainland,  between  Pigeon 
river  and  fort  William.  The  upper  group  occupies  the  coast  and  islands 
from  the  south  side  of  Thunder  cape  to  the  east  end  of  Battle  islands 
east  of  Mpigon  bay.  It  also  covers  a  large  part  of  isle  Royale  and 
Michipicoten,  at  which  latter  island  the  total  volume  of  the  formation 
is  at  the  most  moderate  estimation  12,000  feet.  Upon  the  east  coast  of 
lake  Superior  this  group  is  found  at  cape  Choyye,  cape  Gargantua, 
point  aux  Mines,  Mamainse,  where  the  breadth  across  the  measures  is 
sufficient  to  give  a  thickness  not  far  from  10,000,  and  at  three  other 
places  on  the  coast  between  the  last  point  and  Sault  Ste.  Marie. 

As  to  the  age  of  this  series,  the  fact  that  the  generally  moderate  dips  ot 
the  red  sandstone  at  Sault  Ste.  Marie  contrasts  with  the  higher  inclina- 
tions of  the  copper-bearing  rocks,  while  none  of  the  many  dikes  are 
known  to  intersect  the  Sault  Ste.  Marie  sandstone,  leads  to  the  suspicion 
that  the  latter  may  overlie  unconformably  the  rocks  which,  associated 
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with  the  trap,  constitute  the  copper-bearing  series.  The  affinities  of 
the  Sault  Ste.  Marie  red  sandstone  appear  to  bring  it  into  the  position 
of  the  Chazy  rather  than  the  Potsdam  formation,  and,  if  this  were  es- 
tablished, the  copper-bearing  portion  of  the  lake  Superior  rocks  might 
reasonably  be  considered  to  belong  to  the  Calciferous  and  the  Potsdam 
formations. 

Macfarlane,  12  in  1866,  gives  observations  on  the  Laurentian,  Hu- 
ronian,  and  Upper  Copper-bearing  rocks  of  lake  Superior.  The  Lauren- 
tian series  on  lake  Superior  seems  to  differ  somewhat  from  other  parts 
of  Canada.  The  rocks  are  all  highly  crystalline,  seldom  thoroughly 
gneissoid,  and  all  are  unaccompanied  by  crystalline  limestone,  which  is 
such  a  marked  feature  in  some  Laurentian  districts.  The  gneiss  strata 
are  much  contorted  and  are  intersected  with  granite  in  almost  equal 
quantity  with  the  gneiss  itself  j  and  although  this  latter  occurs  in  irreg- 
ular veins,  at  the  point  of  junction  it  is  as  firmly  cemented  with  the 
gneiss  as  any  two  pieces  of  one  and  the  same  rock  could  well  be.  On 
the  Goulais  bay  fragments  of  hornblende  rock  or  schist  up  to  3  feet  in 
diameter  are  inclosed  in  a  coarse  grained  syenitic  granite.  In  this  series 
the  oldest  rock  is  the  most  basic  in  constitution,  and  this  is  the  case 
without  regard  to  mineralogical  composition  or  structure  of  the  rocks 
associated  together.  The  indistinctness  of  parallelism  in  the  rocks  ren- 
ders it  a  matter  of  extreme  difficulty  to  form  any  clear  ideas  as  to  their 
succession,  even  if  such  should  exist.  Besides  the  above  rocks  there 
are  considerable  areas  of  granite,  syenite,  dolerite,  diorite,  and  mela- 
phyre  found  in  the  Laurentian. 

The  rocks  of  the  Huronian  system  consist  in  large  part  of  diabase, 
amygdaloid,  diabase-schist,  greenstone,  breccias,  and  slaty  greenstones. 
Interstratified  with  these  are  slate,  slate  conglomerate  and  quartzite. 
The  bowlders  and  pebbles  of  the  conglomerate  of  Dore  river  are  for  the 
most  part  granite;  they  are  elongated  and  flattened,  the  pebbles  some- 
times being  scarcely  distinguishable  from  the  slate.  Granitic  veins  or 
masses,  like  the  Laurentian,  are  found  in  the  schistose  greenstones, 
which  are  regarded  as  belonging  to  the  Huronian.  As  to  the  succes- 
sion of  the  strata,  the  author  is  as  much  at  a  loss  among  the  irregular 
schistose  Huronian  greenstones  as  among  the  gneissoid  granites  of  the 
Laurentian. 

The  Mamainse  section  of  Upper  Copper -bearing  rocks  consists  of 
interbedded  basic  lava  flows,  often  amygdaloidal,  sandstones,  and  con- 
glomerates, the  total  thickness  being  more  than  16,000  feet.  The  total 
thickness  of  the  series  at  Mamainse  and  Michipicoten  is  believed  to  be 
at  least  20,000  feet.  As  to  the  relations  of  the  horizontal  Sault  sand- 
stone to  the  upper  copper  bearing  series,  a  place  was  found  on  the  south 
of  point  aux  Mines  where  the  Mamainse  series  adjoins  the  Laurentian 
rocks.  The  lowest  member  of  the  former  is  unconformably  overlain  by 
thin  bedded  bluish  and  yellowish  gray  sandstone,  striking  N.  50°  E., 
and  dipping  18°  JfW.    The  lowest  layer  is  a  conglomerate  with  granitic 
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and  trappean  bowlders,  and  is.  followed  by  thin  bedded  sandstones,  and 
these  by  thin  shaly  layers. 

Macfarlane,13  in  1868,  describes  the  rocks  of  the  north  and  east 
shore  of  lake  Superior.  He  here  finds  four  formations — the  Laurentian, 
Huronian,  Upper  Copper-bearing  rocks,  and  St.  Mary  sandstone.  The 
most  prevalent  rocks  of  the  Laurentian  series  are  of  a  massive  crystal- 
line' character,  more  of  a  granitic  than  of  a  gneissic  nature.  Almost 
equally  frequent  with  the  granitic  and  gneissic  rocks  are  aggregates  of 
rocks  which  can  be  described  as  brecciated  and  intrusive,  gneissic, 
granitic,  and  syenitic  rocks.  In  these  the  order  of  age  is  always  from 
basic  to  acidic.  In  one  case  fragments  of  hornblende-schists  are  found 
inclosed  in  syenitic  granite,  which  is  cut  by  granite  dikes  of  different 
ages.  It  is  believed  that  these  rocks  are  wholly  of  igneous  origin,  rep- 
resenting a  single  period  of  time — the  basic  rock  first  solidified;  they 
were  then  rent  off,  broken  up,  and  the  crevices  filled  with  more  siliceous 
material,  which  gradually  solidified,  after  which  occurred  another  gen- 
eral movement  with  further  intrusion  of  the  most  siliceous  materials. 

In  the  Huronian  series  is  placed  diabase,  augite-porphyry,  calcareous 
diabase,  diabase  schist,  greenstone  and  greenstone  slate,  chlorite- schist, 
quartzite,  hematite,  greenstone  breccia,  and  slate-conglomerate.  The 
slate  conglomerates  frequently  contains  granite  pebbles  which  are  in 
roundish,  lenticular,  bent,  long-drawn  out  masses,  with  a  diabase-schist 
or  greenstone- slate  matrix.  These  rocks  locally  have  a  sedimentary 
appearance,  but  are  believed  to  be  due  to  the  subsequent  intrusion  of  the 
Huronian  rocks,  which  have  caught  granite  fragments  in  them,  and,  by 
movement  and  heat,  have  softened  and  much  distorted  the  contained 
fragments.  It  follows  that  far  the  greater  number  of  the  Huronian 
rocks  are  regarded  as  purely  igneous. 

In  the  Upper  Copper-bearing  series  are  distinguished  melaphyre  of 
various  kinds — melaphyre  breccia,  porphyrite,  porphyritic  con  glomerate, 
felsite-tuff,  polygenous  conglomerate,  and  sandstone.  The  polygenous 
conglomerate  contains,  at  Mamainse,  fragments  chiefly  of  granite,  gneiss, 
quartzite,  greenstone  and  slate,  while  some  of  the  newer  contain  abun- 
dant bowlders  of  melaphyre  and  amygdaloid.  The  igneous  rocks  and 
sandstones  are  regularly  inter  stratified  with  each  other.  In  many  places 
the  trap  lies  unconformably  upon  the  upturned  and  contorted  edges  of 
the  sandstone. 

Along  the  coast  and  upon  many  islands  is  found  an  almost  horizontal 
red  sandstone,  which  is  supposed  to  be  a  continuation  of  the  Sault  Ste. 
Marie  sandstone.  Its  relations  to  the  copper-bearing  rocks  are  not 
clearly  made  out,  but  the  lowest  members  of  the  Mamainse  series,  are 
unconformably  overlain  by  sandstones  which  may  be  the  equivalent  of 
the  horizontal  red  sandstones,  but  their  lithological  character  is  differ- 
ent. It  is  suggested,  on  lithological  grounds,  that  this  red  sandstone 
may  be  of  Permian  age. 
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Macfarlane,14  in  1869,  describes  at  Thunder  cape  a  series  of  inter- 
stratiiied  argillaceous  and  white  and  red  dolomitic  sandstones,  which 
had  been  disturbed  and  eroded  before  the  flow  appeared  which  forms 
the  summit  rock  of  the  cape. 

Bell,15  in  1870,  gives  an  account  of  the  geology  of  the  northwest 
coast  of  lake  Superior  and  the  Mpigon  district.  The  copper-bearing 
rocks  are  divided  into  a  lower  group  and  an  upper  group,  and  each  of 
these  groups  separated  into  several  divisions.  In  the  upper  group  only 
is  found  interbedded  trap.  Different  portions  of  this  series  are  found 
overlying  unconformably  in  certain  places  the  Laurentian  and  in 
others  the  Huronian;  and  the  great  trap  overflow  which  crowns  Thun- 
der cape  rests  in  various  places  unconformably  upon  different  mem- 
bers of  both  the  upper  and  lower  groups  of  the  Upper  Copper-bearing 
series.  On  account  of  the  great  thickness  of  this  series,  the  absence 
of  fossils,  the  prevalence  of  marls  and  sandstones  charged  with  red 
oxide  of  iron,  and  of  basalts,  amygdaloids,  and  trap  rocks,  and  various 
zeolites  and  native  copper,  this  series  is  considered  as  probably  of 
Permian  or  Triassic  age.  Between  the  margin  of  the  Upper  Copper, 
bearing  rocks  on  Thunder  bay  and  the  Laurentian  range,  all  the  country 
not  occupied  by  the  syenitic  areas  appear  to  be  composed  of  rocks  of 
the  Huronian  series,  consisting  of  diorites,  dioritic  conglomerates,  horn- 
blendic  and  fine  grained  micaceous  slates,  with  some  quartzites. 

Bell,16  in  1872,  finds  in  the  country  north  of  lake  Superior,  between 
Mpigon  and  Michipicoten  rivers,  both  Laurentian  and  Huronian  rocks. 
The  former  includes  gneisses  and  granites,  and  the  latter  includes 
slates,  conglomerates,  massive  and  schistose  diorites,  fine  grained 
gneisses,  mica-schists,  micaceous,  hornblendic,  chloritic,  feldspathic 
and  epidotic  schists,  slates,  granites,  and  iron  ore.  The  Huronian  rocks 
dip  in  various  directions.  At  White  river  hornblendic  schist  and  light 
gray  gneiss  are  inter  stratified  with  massive  granitic  gneiss,  and  similar 
schists  appear  to  rest  conformably  upon  massive  gneisses  for  a  long 
way  north  of  the  river. 

Bell,17  in  1872,  finds  in  the  country  between  lake  Superior  and  the 
Albany  river  areas  of  Laurentian  and  Huronian  rocks.  Between 
Mousewake  lake  and  Martins  falls  bands  of  gneiss  are  inter  stratified 
with  the  schists,  and  just  at  Martins  falls  the  latter  have  become  en- 
tirely replaced  by  red  and  gray  gneisses,  apparently  showing  a  con- 
formable passage  from  the  Huronian  into  the  Laurentian  rocks.  A 
similar  blending  of  these  formations  was  noticed  last  year  in  the  neigh- 
borhood of  White  lake. 

Selwyn,18  in  1873,  finds,  between  Mille  Lacs  and  Separation  lake  and 
the  lake  of  the  Woods,  a  series  of  parallel  bauds  of  schistose  and  slaty 
layers  where  hitherto  was  supposed  to  be  almost  exclusively  the 
Laurentian  gneiss.  The  facts  observed  lead  to  the  conclusion,  as 
stated  by  Bell,  that  the  two  series  are  in  conformable  sequence;  yet  it 
is  far  from  improbable  that  this  apparent  conformity  is  only  local  and 
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that  a  more  extended  and  detailed  investigation  of  the  structure  would 
show  that  there  is  in  reality  a  very  considerable  break  between  the 
Lanrentian  gneiss  and  the  overlying  schistose  and  slaty  strata  referred 
to  the  Huronian  rocks.  The  evidence  as  to  the  age  of  these  latter  is 
not  satisfactory.  They  resemble  as  closely  the  altered  rocks  of  the 
Quebec  group  as  they  do  the  Huronian  of  lake  Huron  and  Superior. 

Bell,'9  in  1873,  finds  in  the  country  between  lake  Superior  and  lake 

Winnipeg  rocks  belonging  to  the  Laurentian,  Huronian,  and  Upper 

Copper-bearing  series.    The  southern  shores  of  lake  of  Mille  Lacs  are 

composed  of  Huronian  strata.     The  Laurentian  gneiss  and  Huronian 

schists  at  many  places  alternate  with  each  other.     The  junction  of  the 

Laurentian  rocks  on  the  north  with  the  Huronian  schists  on  the  south 

occurs  at  Eat  portage  on  the  lake  of  the  Woods.    The  two  rocks  are 

[seen  almost  in  contact  with  each  other  and  have  the  same  strike  and 

ip.    The  rocks  classified  as  Huronian  consist  principally  of  a  great 

ariety  of  crystalline  schists-  in  which  a  greenish  color  prevails.    In 

ddition  to  these  are  grayish  quartzites  and  schists,  sometimes  with 

rou  ore,  diorites,  imperfect  gneisses.    The  areas  of  granite  and  syenite 

n  the  region,  which  vary  from  patches  to  areas  many  miles  in  length, 

ire  always  more  or  less  intimately  connected  with  the  Huronian  bands. 

he  distinction  between  the  Laurentian  and  Huronian  rocks  is  chiefly 

)f  a  lithological  character,  the  Huronian  appearing  to  succeed  the 

Laurentian  conformably.    The  Upper  Copper-bearing  series,  composed 

jf  slates,  marls,  sandstones,  and  traps,  lie  nearly  horizontally  on  the 

3dges  of  the  Laurentian  and  Huronian  rocks. 

Hunt,20  in  1873,  applies  the  name  Animikie  group  to  the  lower  divis- 
ion of  Logan's  Upper  Copper-bearing  series  of  lake  Superior  as  it  occurs 
at  Thunder  bay,  where  it  includes  dark  colored  argillites  and  sandstones 
overlain  with  a  slight  discordance  by  red  and  white  sandstones  appar- 
ntly  the  same  as  those  of  the  Keweenaw  district.  The  dark  colored 
sediments  of  the  Animikie  group  rest  directly  upon  the  edges  of  the 
3iystalline  Huronian  schists  and  are  cut  by  great  dikes  of  diorite.  The 
great  Keweenaw  group,  with  its  cupriferous  amygdaloids,  is  here  absent, 
Although  met  with  a  few  miles  to  the  eastward.  This  group,  as  shown 
oy  Brooks  and  Pumpelly,  occupies  a  place  between  the  Huronian  schists 
and  the  nearly  horizontal  red  and  white  sandstone  of  the  region,  which 
is  itself  below  the  Trenton  limestone. 

Bell,21  in  1874,  in  the  country  between  the  Red  river  and  the  South 
Saskatchewan,  finds  extensively  mica-scliists  and  gneisses ;  but  a  broad 
Dand  of  schist,  having  the  character  of  the  Huronian  formation,  crosses 
me  central  part  of  Bainy  lake.  On  the  islands  of  the  lake  of  the  Woods 
:he  granites,  gneisses,  and  Huronian  schists  are  intricately  mingled  with 
Bach  other. 

Dawson  (G.  M.)22,  in  1875,  gives  an  account  of  the  geology  of  the  lake 
j)f  the  Woods,  where  the  rocks  are  wholly  Laurentian  and  Huronian. 
The  Laurentian  formation  is  represented  by  a  great  thickness  of  granit- 
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oid  and  thick-bedded  gneisses,  which  pass  upward  into  thin -bedded 
gneisses  and  highly  crystalline  micaceous  and  hornblendic  schists. 

The  Huronian  rocks  are  more  variable  in  character.  The  lowest  beds 
are,  for  the  most  part,  hard  green  rocks,  with  little  traces  of  stratifica- 
tion, but  hold  some  well  stratified  micaceous  and  chloritic  schists  and 
also  imperfect  gneiss.  On  these  rest  a  great  thickness  of  massive  beds 
characterized  by  the  predominance  of  conglomerate,  but  including 
quartzites  and  dioritic  rocks.  Above  these  is  an  extensive  series  of 
schistose  and  slaty  beds  generally  more  or  less  nacreous  and  chloritic 
or  talcose,  but  often  hornblendic  and  micaceous.  They  inclose  also  con- 
glomerates, quartzites,  and  diorite  beds.  It  is  believed  two  movements 
have  conspired  to  form  the  present  features  of  the  region,  both  being 
post-Huronian.  The  first  of  these  is  connected  with  the  post-Huronian 
granite  eruptions ;  the  second  and  more  important  is  believed  to  have 
taken  place  later,  and  to  it  is  supposed  to  be  due  the  parallelism  in  the 
folding  of  the  Laurentian  and  Huronian  rocks.  At  Eat  portage  the 
junction  of  the  Laurentian  and  Huronian  is  so  sharply  defined  that  the 
hand  can  be  laid  upon  it.  This  sharp  contact  is  believed  to  be  due  to 
faulting.  Adjacent  to  the  granite  the  Huronian  slate  series  is  meta- 
morphosed, and  the  occasional  gneissic  aspect  of  the  Huronian  is  attrib- 
uted to  the  granitic  intrusions.  The  large  Y-shaped  granite  mass  in  the 
northwest  angle,  in  contact  with  the  altered  sedimentary  rocks,  assumes 
a  more  basic  character  and  a  darker  aspect,  becoming  blackish  gneissic 
diorite  and  gray  syenitic  diorite.  The  conglomerate  beds  are  of  immense 
thickness  and  could  perhaps  be  best  described  as  slate  conglomerates. 
The  pebbles  generally  resemble  the  matrix,  and  best  appear  upon  a 
weathered  surface;  for  on  a  freshly  broken  surface  no  clear  distinction 
appears  between  the  fragments  and  the  inclosing  materials,  and  the 
rock  differs  from  the  more  compact  altered  schists  and  slates  only  in  its 
rougher  surface  of  fracture  and  a  somewhat  spotted  character.  The 
greenstone  conglomerates  of  Bigsby  resemble  roughly  fractured  pieces 
of  diorite  in  a  dioritic  paste.  The  quartzites  show  a  tendency  to  run 
into  conglomerates,  and  certain  of  the  conglomerates  have  an  aspect  of 
a  volcanic  breccia.  There  is  an  entire  absence  of  any  granitic  or  gneissic 
beds  in  the  conglomerates  and  breccias,  and  in  this  respect  these  Huron- 
ian rocks  differ  from  the  typical  area.  It  is  suggested  that  this  fact 
may  mean  that  the  formation  of  the  whole  Huronian  series  took  place 
subsequent  to  that  of  the  typical  Huronian,  and  therefore  are  perhaps 
more  nearly  equivalent  to  those  of  the  Quebec  group.  The  granitoid 
gneisses  and  intrusive  granites  are  universally  cut  by  veins  of  red 
orthoclase  feldspar  associated  with  quartz ;  and  basic  diorite  dikes  cut 
both  the  granitic  and  altered  Laurentian  rocks. 

Bell,23  in  1875,  describes  on  the  north  shore  of  lake  Superior  the 
Laurentian,  Huronian,  and  Upper  Copper-bearing  rocks.  The  Huron- 
ian occupies  a  large  extent  of  country,  alternating  with  bands  of  Lau- 
rentian, on  both  the  north  and  south  shores  of  the  lake.    North  of  lake 
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Superior  the  Laurentian  rocks  consist  for  the  most  part  of  gray  and  red- 
dish gneiss,  with  micaceous  belts  and  mica-schists.  In  the  same  region 
the  Huronian  rocks  are  mostly  of  a  schistose  character,  the  most  com- 
mon of  which  are  greenish  schists  and  imperfect  gneisses,  which  include 
micaceous,  hornblendic,  dioritic,  porphyritic,  siliceous,  cherty,  chloritie, 
felsitic,  and  argillaceous  schists;  more  rarely  dolomitic  schists,  and 
occasionally  bands  of  magnetic  iron  ore  and  hematite.  Connected  with 
the  Huronian  rocks  are  various  patches  of  granite  and  syenite  which 
show  no  stratification.  In  the  Mpigon  basin  the  Upper  Copper-bear- 
ing rocks  have  their  maximum  development  in  Canadian  territory.  The 
basin  consists  of  marls,  sandstones,  often  covered  with  trappean  out- 
flows. For  this  Upper  Copper -bearing  series  the  term  Mpigon  group 
is  proposed. 

Bell,24  in  1870,  finds  on  lake  Winnipeg  extensive  areas  of  Lauren- 
tian gneiss  and  Huronian  schist.  The  run  of  the  stratification  is  pretty 
uniform,  averaging  from  50°  to  60°  south  of  east,  being  almost  at  right 
angles  to  the  general  strike  of  the  Laurentian  and  Huronian  rocks  in 
the  great  region  north  and  northwest  of  lake  Superior. 

Bell,25  in  1877,  describes  the  rocks  from  the  head  ot  Moose  river  to 
Michipicoten  and  lake  Superior;  also  along  the  Goulais  river.  Before 
reaching  lake  Superior  there  are  several  broad  alternating  belts  of  Lau- 
rentian gneiss  and  Huronian  schist.  The  Huronian  hornblende  and 
mica-schists  are  cut  by  granite  veins  of  various  sizes,  one  of  them  100 
feet  thick.  On  the  Goulais  river  there  are  again  alternations  of  Lau- 
rentian and  Huronian  rocks. 

Bell,26  in  1878,  gives  observations  on  the  geology  of  the  east  shore 
of  lake  Superior  from  Batchawana  bay  to  Michipicoten  river.  The 
Upper  Copper -bearing  series  of  Mamainse  is  calculated  to  have  a  thick- 
ness of  22,400  feet.  It  consists  of  a  great  variety  of  amygdaloids,  vol- 
canic tufas,  felsites,  cherts,  crystalline  diorites,  sandstones  and  coarse 
conglomerates,  the  latter  forming  one  of  the  most  striking  features  in 
the  series  as  it  passes  into  a  bowlder  conglomerate.  The  bowlders  are 
sometimes  crowded  in  a  sandy  matrix,  the  largest  running  as  high  as 
3  feet  8  inches  in  diameter,  but  the  majority  are  under  1  foot.  Far  tbe 
greater  number  consist  of  granite  and  crystalline  schists  like  those  of 
the  Huronian  series,  but  there  are  also  found  white  quartz,  amygdaloid 
and  gneiss.  Granites,  gneisses  and  schists,  as  well  as  basaltic  dikes, 
are  found  at  many  points.  Cape  Choyye  is  composed  of  Huronian  rocks, 
which  consist  of  mica-schists  and  hornblende-schists,  slaty  quartzite, 
and  massive  diorite.  The  rocks  of  Gros  cap  are  mostly  slaty  diorite, 
interstratified  with  siliceous  rock,  in  which  occur  exposures  of  purplish 
red  hematite.  A  dioritic  slate  west  of  Gros  cap  holds  layers  and  len- 
ticular patches  of  felsite  and  also  rounded  pebbles  of  granite,  the 
largest  of  which  are  9  inches  in  diameter. 

Macfarlane,27  in  1879,  in  discussing  Selwyn's  paper  on  the  Quebec 
group,  maintains  that  there  is  frequently  found  between  the  water  and 


62  PRE-CAMBRIAN    ROCKS    OF    NORTH    AMERICA.  [bull. 86 

the  Laurentian  or  Huroniaii  bills  narrow  strips  or  patches  of  rocks  o 
the  Upper  Copper-bearing  group.  Such  localities  are  Gros  cap,  soutl 
shore  of  Batchawana  bay,  and  cape  Gargantua.  The  conglomerate! 
are  full  of  Huronian  debris,  and  in  Batchawana  bay  bowlders  may  b< 
observed  of  red  jasper  conglomerate,  the  characteristic  rock  of  tin 
typical  Huronian.  On  Michipicoten  island  the  igueous  and  sedimentary 
strata  of  the  Upper  Copper-bearing  rocks  have  a  dip  of  25°  to  tin 
southeast,  while  the  nearest  Huronian  rocks  dip  34°  to  55°  northward 

Bell,28  in  1883,  gives  a  further  account  of  the  distribution  of  tin 
rocks  of  the  lake  of  the  Woods  and  adjacent  country.  They  are  nott 
different  from  those  mentioned  in  his  previous  report  for  1872-73.  The 
line  between  the  Laurentian  and  Huronian  system  crosses  the  Winni- 
peg river  at  Eat  portage,  keeps  near  the  railway  to  a  point  between 
lake  Lulu  and  Keewatin  mills,  where  it  crosses  it  diagonally  and  con- 
tinues in  a  westerly  direction  on  the  south  side  of  the  track. 

Selwyn,29  in  1883,  as  a  result  of  an  examination  of  the  north  shore 
of  lake  Superior  from  Thunder  bay  to  Sault  Ste.  Marie,  and  thence 
eastward  to  Echo  lake,  fails  to  find  evidence  of  the  supposed  uncon- 
formability  of  the  Huronian  and  Laurentian.  The  author  can  give  no 
better  reason  for  supposing  that  certain  sets  of  beds  belong  to  the  so* 
called  Laurentian  and  others  to  the  Huronian  systems  than  a  consider- 
able difference  in  the  lithological  characters.  The  Laurentian  are  em 
sentially  granitoid,  gneissic  and  feldspathic,  while  the  Huronian  are 
quartzose,  hornblendic,  schistose  and  slaty.  As  a  whole  the  latter 
have  a  somewhat  altered  aspect  and  contain  pebbles  of  rocks — granite, 
gneiss,  quartzite,  etc. — similar  to  those  which  form  the  Laurentian 
strata  beneath  them,  while  others,  however,  are  not  recognizable  ai 
from  any  known  Laurentian  sources.  Bands  of  limestone  and  dolomite, 
more  or  less  crystalline,  are  found  in  both  Laurentian  and  Huronian 
areas,  and,  if  we  except  the  disputed  form  Eozoon,  no  fossil  what- 
ever. The  Huronian  follows  and  does  not  rest  un  conformably  upon 
the  Laurentian.  The  Mpigon  or  Keweenian  is  later  in  age  than  the] 
Animikie.  No  definite  opinion  can  be  expressed  as  to  the  position  of 
the  crowning  overflow  of  Thunder  cape. 

Selwyn,30  in  1883,  describes  the  trap  and  sandstone  of  lake  Supe- 
rior as  unconformably  upon  and  entirely  distinct  from  the  Huronian. 
The  series  is  divisible  on  the  Canadian  shore  into  two,  and  perhaps 
three  divisions,  between  which  there  may  be  slight  unconformities, 
which  are,  however,  no  greater  than  might  be  occasioned  by  the  inter- 
mingling of  sedimentary  strata  with  volcanic  material.  The  groups  in 
ascending  order  are  (1)  the  shales,  cherts,  dolomites  and  sandstones 
interbedded  with  massive  diabase  or  dolerite  of  Pie  island,  McKay! 
mountain  and  Thunder  cape.  (2)  Conglomerates,  shales,  sandstones: 
and  dolomites,  interstratified  with  massive  beds  of  volcanic  material, 
amygdaloids,  melaphyres,  tuffs,  etc.,  many  thousands  of  feet  thick, 
occupying  the  east  shore  of  Black  bay,  Mpigon   strait,  St.  Ignace, 
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Michipicoten  island,  Gargantua,  Mamainse,  etc.  (3)  The  Sault  Ste. 
Marie  sandstone,  which  may  be  only  the  upper  part  of  2  without  any 
intermingling  of  volcanic  material.  The  whole  together  is  Lower  Cam- 
brian, there  being  no  evidence  whatever  of  their  holding  any  other 
place  in  the  geological  series.  The  first  of  these  groups  is  the  Animi- 
kie  series  while  the  second  is  the  Keweenian. 

JSelwyn,31  in  1885,  places  the  crowning  overflow  of  McKays  moun- 
tain, Thunder  cape  and  Pie  island,  etc.,  as  a  part  of  the  Animikie. 
There  was  found  no  evidence  of  unconformity  from  the  base  of  the 
Animikie  to  the  top  of  the  Keweenian  as  developed  on  Thunder  cape 
and  the  surrounding  region. 

Lawson,3*  in  1886,  gives  a  report  on  the  geology  of  the  lake  of  the 
Woods  region,  with  special  reference  to  the  Keewatin  (Huronian?)  belt 
of  the  Archean  rocks. 

Comprising  a  large  part  of  the  lake  of  the  Woods  is  a  series  of  crys- 
talline and  semi-crystalline  schists  to  which  the  term  Keewatin  is 
applied.  The  term  Huronian  is  not  used,  because  it  is  very  doubtful 
if  the  series  belongs  to  this  period.  The  rocks  are  found  to  differ  fun- 
damentally in  lithological  character  from  Logan's  Original  Huronian. 

In  the  Keewatin,  quartzites  are  unimportant;  there  are  no  true  basal 
conglomerates;  and  the  fragnientals  of  the  lake  of  the  Woods  are  of 
volcanic  origin,  No  bedded  limestones  were  observed.  Structurally, 
also,  the  two  series  are  fundamentally  different.  The  lake  of  the  Woods 
schists  are  folded  with  the  associated  granite  gneisses,  which  are  re- 
ferred to  the  Laurentian,  while  the  Huronian  series  has  not  partaken 
of  the  folding  to  which  the  adjacent  gneisses  have  been  subject.  Fur- 
ther, the  large  areas  of  granite  are  found  to  be  intrusive  in  both  the 
Laurentian  gneiss  and  Keewatin  schists,  while  in  the  Huronian  of 
Logan  such  intrusions,  if  present  at  all,  are  mentioned  at  only  one  lo- 
cality. The  slate  conglomerate  of  Dore"  river  appears  to  resemble  the 
lake  of  the  Woods  agglomerates,  but  this  area  is  distant  from  the  typical 
Huronian  region  and  appears  to  differ  from  it  lithologically,  as  Avell  as 
being  in  a  nearly  vertical  attitude.  These  differences  between  the 
J3or6  and  Huron  areas,  with  their  geographical  separation,  may  warrant 
the  belief  that  possibly  Logan  embraced  under  one  designation  two 
distinct  series.  As  to  Prof.  Irving's  position  that  the  Animikie  series 
is  probably  the  equivalent  of  the  Huronian,  it  is  considered  exceedingly 
probable  that  the  flat-lying  unfolded  Animikie  is  much  later  than  the 
lake  of  the  Woods  schists. 

The  rocks  of  the  region,  including  both  the  Laurentian  and  Keewatin, 
comprise  gneiss,  granite,  felsite,  schistose  hornblende  rocks,  diabase, 
diorite,  serpentine,  coarse  clastic  rocks  and  agglomerates,  mica-schists, 
slates,  quartzites,  clay-slates,  felsitic  schists,  hydromica  and  chlorite- 
schists,  carbonaceous  schists  and  limestones.  The  massive  granites 
sometimes  grade  into  foliated  gneisses.  Dikes  of  granite  have  some- 
times foliated  structures  parallel  to  their  sides.    The  agglomerates  are 
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not  ordinary  elastics,  bnt  are  of  volcanic  origin.  Both  paste  and  in- 
cluded fragments  have  evidently  had  a  common  origin  and  been  laid 
down  together,  perhaps  not  even  always  under  water.  The  fragments 
are  usually  more  or  less  elongated  or  lens- shaped,  due  to  pressure. 
The  greatest  planes  in  the  fragments  are  parallel  with  the  planes  of 
schistosity,  which  are  usually  observably  identical  with  those  of  bed- 
ding; at  times  the  agglomerates  merge  into  mica-schists  on  the  one 
hand  and  into  hornblende-schists  on  the  other.  The  mica-schists, 
micaceous  slates,  clay-slates,  and  quartzites  constitute  a  natural  group 
of  rocks  intimately  associated,  both  as  regards  their  origin  and  their 
present  relations  in  the  field.  They  are  all  probably  ordinary  meta- 
morphic  elastics.  The  felsitic,  sericitic  and  hydromicaceous  schists 
are  probably  sediments,  the  material  of  which  was  probably  volcanic. 
The  mica- schists  quite  frequently  pass  into  finely  laminated  mica- 
gneisses.  The  limestones  are  found  only  in  small  masses  and  seem  to 
be  vein  stones  rather  than  bedded  strata. 

The  Keewatin  schists  an  d  Lauren tian  granitoid  gneisses  are  found 
oftentimes  to  be  apparently  interbedded.  At  other  times  the  junction 
is  of  the  most  irregular  sort,  tongues  of  schists? unninginto  the  granite, 
or  masses  of  it  being  contained  in  the  granite  and  gneiss.  The  gneiss 
acts  in  many  places  as  though  it  had  been  in  a  fluid  state  intruding 
the  schists,  and  the  conclusion  is  reached  that  the  junction,  instead  of 
being  that  of  interlaminated  sediments,  is  that  of  a  set  of  schistose 
rocks  which  have  been  intruded  by  fluid  ones,  the  fluid  material  often 
placing  itself  along  the  parting  of  the  schist,  at  other  times  cutting 
across  it  or  including  fragments  of  it.  If  this  conclusion  is  true  the 
supposed  conformable  junction  of  the  two  series  at  certain  localities  is 
no  proof  of  true  conformity,  because  the  foliation  of  the  granitoid 
gneisses,  if  these  rocks  were  once  viscid  or  plastic,  is  quite  independent 
of  any  arrangement  due  to  sedimentation  that  they  may  have  possessed. 
This  conclusion  does  not  imply  that  the  gneisses  and  schists  may  not 
have  been  originally  sedimentary  and  conformable.  However,  the 
author  inclines  to  the  belief  that  the  granitoid  gneisses  of  the  Lauren- 
tian  were  never  aqueous  sediments. 

The  granitic  intrusions  of  the  lake  of  the  Woods  are  grouped  into 
ten  main  centers.  The  granite  cuts  both  the  granitoid  gneiss  (Lauren- 
tian)  and  the  various  rocks  of  the  Keewatin  series,  and  is  therefore  of 
later  age  than  either.  A  granite,  the  intrusive  character  of  which  is 
undoubted,  sometimes  merges  in  the  same  rock  mass  into  a  granitoid 
gneiss.  There  is  a  marked  association  of  felsites  or  microgranites  with 
the  main  granite  mass,  there  being  an  apparent  tendency  on  the  part 
of  the  former  to  an  arrangement  concentric  with  the  periphery  of  the 
granite.  Upon  various  sections  a  certain  periodic  arrangement  of  the 
Keewatin  is  made  out,  upon  which  as  a  basis  it  is  found  that  the  maxi- 
mum thickness  of  the  series  is  in  the  neighborhood  of  20,000  feet.  As 
to  the  general  stratigraphical  relations  of  the  Keewatin,  the  conclusion 
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is  reached  that  they  have  been  laid  down  and  folded  within  a  trough 
in  the  Laurentian  formation. 

Herrick,  Tight,  and  Jones,33  in  1886,  find  on  the  north  shore  of 
lake  Superior  three  distinct  groups  of  rocks  with  their  respective  in- 
trusives,  granitic,  schistose,  and  conglomeratic*  The  granites  are  found 
underlying  the  schists  in  such  a  way  as  to  suggest  that  they  have  been 
intruded  beneath  them,  although  similar  granites  constitute  the  peb- 
bles of  the  basement  conglomerates  in  the  schists.  The  schists  are  met- 
amorphosed at  contacts  with  the  granites j  the  schists  and  schist-con- 
glomerates especially,  in  several  places,  have  been  altered  to  porphyry 
and  felsite-porphyry  by  contact  with  the  eruptives.  The  third  group 
consists  of  basement  conglomerates,  consisting  of  fragments  of  all  the 
varieties  of  rock  included  in  the  other  two  series.  Periodic  overflows  of 
igneous  matter  have  left  vast  sheets  of  diabase,  and  there  is  a  strong 
interaction  between  the  sedimentary  and  eruptive  rocks. 

MoKellar,34  in  1888,  describes  the  Animikie  on  the  north  shore  of 
lake  Superior  as  always  resting  uneonformabby  upon  the  crystalline 
and  schistose  rocks  to  which  the  term  Huronian  is  applied,  the  con- 
tacts being  found  at  many  points.  In  lithoiogical  characteristics  these 
two  series  are  fundamentally  different.  The  original  Huronian  and 
the  schists  underlying  the  Animikie  are  compared,  and  it  is  concluded 
that  they  are  the  equivalent  of  these  rocks  rather  than  of  the  Ani- 
mikie series;  therefore  the  latter  is  later  than  the  Huronian.  The  con- 
tacts of  the  Animikie  and  Keweenawan  formations  show  that  there  is 
an  unconformity  by  erosion  between  the  two. 

Lawson,  35  in  1888,  reports  on  the  geology  of  the  Rainy  lake  region. 
The  pre-Cambriau  rocks  are  divided  into  an  upper  and  lower  Archean, 
as  at  the  lake  of  the  Woods.  The,  upper  is  a  bedded  schistose  and 
metaniorphic  series,  while  the  lower  is  granitic,  gneissic  or  syenitic  in 
character.  In  the  upper  division  two  groups  are  recognized,  one  the 
Keewatiil  of  the  lake  of  the  Woods,  and  the  other,  inferior  in  position, 
is  given  the  name  Coutchiching.  In  the  lower  division  distinctions  of 
stratigraphieal  sequence  and  relationship,  if  any  such  ever  existed, 
have  been  obliterated,  and  for  this  the  term  Laurentian  is  retained. 
These  rocks  can  be  classified  only  on  a  petrographical  basis.  The  con- 
tacts of  the  Keewatin  with  the  Coutchiching  and  Laurentian  are  very 
frequent.  The  relations  between  the  Keewatin  and  Laurentian  are 
exactly  like  those  described  as  maintaining  upon  the  lake  of  the 
Woods.  The  schists  are  intruded  by  the  granite,-  fragments  of  the 
former  being  included  in  the  latter,  and  they  are  sometimes  fused  at 
the  contact.  Very  frequently  near  the  point  of  junction  the  Keewatin 
rocks  become  more  crystalline  and  are  glistening  hornblende-schists. 

At  two  localities  basal  conglomerates  are  found  between  the  Keewa- 
tin and  Coutchiching.    At  the  first  of  these,  Bat-root  bay,  Keewatin 
conglomerate  rests  upon  Coutchiching  schists,  the  conglomerates  con- 
taining water-worn  fragments  of  quartz  and  bowlders  of  granite.    The 
Bull.  86—5 
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second  is  at  Grassy  lake,  where  there  is  a  pebbly  conglomerate  at  the* 
base  of  the  Keewatin.  The  contacts  of  the  Keewatin  and  Coutchi- 
ching are  usually  in  apparent  conformity,  and  the  mapping  of  the  series 
is  made  to  rest  upon  lithological  characters  rather  than  upon  structural 
discordance,  although  it  is  recognized  that  the  conglomerates  at  the 
two  localities  mentioned  are  indicative  of  erosion,  at  least  in  some 
places,  between  the  two  series.  The  apparent  accordance  affords  little 
evidence  as  to  the  question  of  original  conformity  or  unconformity, 
because  the  two  formations  have  been  squeezed  together;  but  the 
marked  contrast  in  lithological  characters  indicates  an  abrupt  change 
in  the  conditions  of  formation. 

The  thickness  of  the  Keewatin  rocks  is  calculated  to  be  about  live 
miles.  The  rocks  are  found  in  the  main  to  be  of  clastic  origin,  but 
probably  in  the  nature  of  volcanic  debris  rather  than  water- deposited! 
sediments,  although  a  small  quantity  of  the  materials  is  of  the  latter 
character.  The  volcanic  debris  of  the  Keewatin  has  a  basic  and  an: 
acid  division,  the  latter  being  higher  in  the  series  than  the  former. 
Microscopical  study  leads  to  the  conclusion  that  the  series  has  been 
subjected  to  great  i>ressure,  as  is  evidenced  by  the  fracture  of  the* 
grains  as  well  as  by  the  schistose  structure.  The  granite  •  bowlders- 
found  in  the  conglomerates  may  either  be  ordinary  detritus  or  may\ 
have  been  brought  up  from  beneath  by  volcanic  forces,  although  the 
former  is  the  more  probable.  All  of  the  granites  of  the  region  appear 
to  be  in  some  degree  later  than  the  Keewatin  rocks,  but  this  does  not 
imply  that  there  was  not  a  granite  shore  for  the  basin  in  which  the 
Keewatin  rocks  were  deposited.  The  author  has  no  doubt  that  the 
original  floor  upon  which  the  Keewatin  and  Coutchiching  rocks  were] 
deposited  was  fused  at  the  time  of  disturbance  and  appears  now  to  us 
as  the  foliated  granite  of  the  Laurentian.  The  granite  bowlders  of  the 
Keewatin  agglomerates  may  have  been  derived  from  a  granite  basement 
now  obliterated  by  subsequent  plutonic  fusion. 

The  Coutchiching  series  consists  of  mica-schists,  or  mica- schists  in 
which  feldspar  is  present.  Hornblende  has  been  observed  only  in  one 
instance.  Ep  limestones  or  conglomerates  have  been  discovered.  Thee 
schistose  structure  is  believed  to  represent  original  sedimentation.  Cal-j 
dilating  the  thickness  upon  this  basis,  it  is  found  that  the  formation 
has  an  average  thickness  of  4  or  5  miles.  The  relations  of  the  Coutchi-^ 
ching  series  to  the  Laurentian  are  found  to  be  precisely  the  same  as 
between  the  Keewatin  and  Laurentian.  In  the  Coutchiching  series 
there  are  no  intercalations  of  recognizable  volcanic  rocks  such  as  arq 
found  in  the  Keewatin,  the  rocks  being  acid  crystalline  schists  which 
are  regarded  as  ordinary  metamorphosed  quartzose  sediments,  with 
perhaps  also  volcanic  material,  although  in  no  place  has  it  been  possi- 
ble conclusively  to  prove  this. 

The  Laurentian  gneiss  is  intermixed  with  granite  in  such  a  way  as  to 
make  it  impossible  at  times  to  separate  them.     Its  structure,  if  it  hasi 
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any,  is  so  complex  that  no  attempt  was  made  to  work  it  out,  and,  while 
parts  of  the  granite  seem  to  belong  to  the  Lanrentian  proper,  it  is  cer- 
tain that  granitic  eruptions  have  occurred  in  this  series  after  the  main 
mass  of  the  rock  had  solidified.  The  belts  of  Keewatin  rocks  which 
encircle  the  Lanrentian  areas  are  anastomosing  or  confluent,  forming  a 
continuous  retiform  area,  the  meshes  being  occupied  by  the  Lanrentian 
gneiss.  At  their  nodes  or  points  of  confluence,  these  belts  have  their 
greatest  width.  The  Ooutchiching  schists  dip  away  from  the  Lau- 
rentian  bosses  in  all  directions,  so  that  the  general  anticlinal  struc- 
ture of  the  belt  is  made  up  of  three  anticlinal  domes.  These  relations 
are  taken  to  mean  that  the  surrounding  schistose  rocks  represent  sedi- 
mentary beds  which  have  been  thrust  aside  by  the  entering  granite. 
Along  the  contacts  of  the  Lanrentian  and  Ooutchiching  are  found  such 
minerals  as  andalusite,  staurolite,  and  garnet.  Besides  the  granite 
masses,  which  cut  all  three  of  the  previous  series  and  thus  are  later  than 
all,  are  also  numerous  diabase  and  trap  dikes,  which  cut  the  series 
mentioned  and  the  granite  besides. 

Ingall,30  in  1888,  in  describing  the  mines  and  mining  of  lake  Superior, 
finds  the  rocks  to  consist  of  Laurentian  gneisses  and  granite,  within 
which  are  found  considerable  areas  of  plutonic  and  volcanic  rocks  and 
metamorphic  slates,  considered  to  be  Huronian,  while  overlying  these, 
chiefly  about  Thunder  bay  and  lake  Mpigon,  are  the  sedimentary  and 
volcanic  rocks  of  the  Animikie,  Mpigon,  and  Keweenian  groups,  which 
are  in  approximately  a  horizontal  position  and  contrast  markedly  with 
the  steeply  inclined  or  almost  vertical  older  rocks.  The  Animikie  for- 
mation is  divisible  into  an  upper  and  lower  portion.  The  chief  charac- 
ter of  the  lower  division  is  the  preponderance  of  siliceous. rock,  such  as 
chert  and  jasper,  which  are  often  accompanied  by  ferruginous  dolomite 
with  magnetite  j  while  the  upper  division  is  formed  for  the  most  part  of 
black,  soft  argillaceous  argillites,  which  are  occasionally  dolomitic  and  fer- 
ruginous,  and  sometimes  contain  silica  in  such  proportion  as  to  approach 
the  character  of  the  lower  division.  The  thickness  of  the  Animikie  is 
placed  at  12,000  feet.  The  traps  of  the  Animikie  are  concluded  to  be 
intrusive,  frequently  breaking  as  they  do  across  the  beds.  In  one  case  a 
sheet  is  seen  to  divide  into  three  tongues.  The  dark  color  of  the  upper 
division  of  the  Animikie  is  due  to  the  presence  of  carbon.  Patches  of 
basal  conglomerates  are  occasionally  found  at  the  base  of  the  Animikie, 
lying  in  hollows  in  the  old  Arcbean  sea  bottom,  the  fragments  consisting 
in  general  of  granitic  material. 

Selwyn,37  in  1890,  announces  the  discovery  by  Ingall  of  traces  of  a 
fossil  in  the  Animikie  rocks.  A  part  of  the  impressions  are  pronounced 
by  Matthew  to  be  similar  to  Eophyton,  while  for  others  the  names 
Taonichnites  and  Otenichnites  are  proposed.  A  part  of  them  arc  of 
similar  origin  with  characteristic  tracks  of  the  Cambrian  rocks  of  the 
St.  John  group  of  New  Brunswick. 


68  PRE-CAM BRIAN    ROCKS    OF    NORTH    AMERICA.  [bull. 86. 

Lawson,38  in  1890,  discusses  the  internal  relations  and  taxonomy  of 
the  Archean  of  central  Canada.  The  Keewatin  and  Coutchiching  are 
again  described  and  the  characteristic  contacts  which  they  have  with 
the  Laurentian.  To  the  upper  division,  the  Keewatin  and  Coutchiching, 
since  they  are  sedimentary  rocks,  the  principles  of  stratigraphical  geol- 
ogy apply,  and  to  cover  these  two  series  is  proposed  the  term  Ontarian, 
of  systemic  value.  The  principles  applicable  to  the  lower  division,  the 
Laurentian,  are  those  of  eruptive  geology,  since  these  rocks  are  of 
igneous  origin.  In  the  Laurentian  there  are  at  least  two  generations  of 
rocks  which  are  distinguishable  in  the  Hunter  island  district,  but  both 
are  the  result  of  the  crystallization  of  a  suberustal  magma. 

Bell,39  in  1800,  gives  the  following  as  the  chief  Huronian  areas 
about  lake  Superior,  in  Ontario.  An  important  area  lies  around  Michi- 
picoten  at  the  northeast  angle  of  lake  Superior,  running  for  60  miles 
west  and  20  miles  south  of  that  point,  and  extending  inland  to  Dog 
lake,  a  distance  of  45  miles.  Another  large  area  stretches  from  the 
Pic  river  eastward  or  inland  to  Nottamasa garni  lake,  and  westward 
mingled  with  granites  and  greenstones,  to  Nipigon  bay.  Two  exten- 
sive belts  run  eastward  from  lake  Mpigon,  one  of  which  crosses  Long- 
lake.  West  of  Thunder  bay,  and  stretching  to  the  international 
boundary  line,  there  is  a  large  area  which  gives  off  arms  to  the  north- 
east and  southwest;  and  several  belts  and  compact  and  straggling 
areas  occur  between  this  and  the  lake  of  the  Woods  basin,  one  of  which 
follows  the  course  of  the  Seine  river.  The  lake  of  the  Woods  area, 
which  has  been  already  alluded  to,  occupies  the  whole  breadth  of  the 
northern  division  of  that  lake.  An  important  belt  starts  between 
Rainy  lake  and  lake  of  the  Woods,  and  running  northeastward  has  a 
breadth  of  45  miles  where  it  crosses  the  line  of  the  Canadian  Pacific 
railway.    Minnietakie  and  Sturgeon  lakes  lie  within  this  belt. 

The  Huronian  is  divided  into  a  lower  and  upper  division,  although 
no  horizon  has  been  agreed  upon  at  which  to  draw  the  line  between  the 
two  even  locally.  There  is  no  evidence  whatever  that  the  two  divisions 
are  unconformable  or  that  the  lower  part  of  the  upper  division  are  basal 
conglomerates.  Conglomerates  are  found  indifferently  throughout  both 
lower  and  upper  divisions. 

The  lower  division  includes  the  Keewatin  of  LawsOn  and  its  equiva- 
lents. It  consists  largely  of  a  variety  of  crystalline  schists,  in  which 
the  prevailing  color  is  dark  green  or  gray.  Among  these  may  be  enu- 
merated micaceous,  dioritic,  chloritic,  argillaceous,  hornblendic,  talcoid, 
felsitic,  epidotic,  siliceous,  dolomitic,  and  plumbagenous.  There  are 'also 
crystalline  diorites  or  diabases  of  various  shades  of  gray  and  greenish 
gray  (mostly  dark),  argillaceous  and  dioritic  slate-conglomerates,  gran- 
ites and  syenites,  impure,  banded,  and  schistose  iron  ores,  dolomites  and 
imperfect  gneisses.  Among  the  commoner  of  the  rocks  of  this  division 
are  tine  grained  mica-schists  and  dark  green  dioritic  or  hornblendic 
schists.     Two  kinds  of  conglomerates  are  also  abundant,  one  having  an 
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argillaceous  matrix  with  rounded  pebbles  of  syenite  and  granite  of  vari- 
ous kinds,  and  some  of  the  other  Huronian  rooks,  but  very  seldom  of 
gneiss;  the  other  with  a  dioritic  matrix,  and  often  with  rounded  pebbles 
also.  But,  in  perhaps  th  e  majority  of  cases,  what  were  formerly  considered 
as  pebbles  are  really  concretions  of  a  lenticular  form,  and  differing  but 
slightly  from  the  matrix  in  color  and  composition.  They  are  best  seen 
on  wetted  surfaces  of  cross  sections  of  the  rock,  where  they  appear  as 
parallel  elongated  patches  tapering  to  a  point  at  each  end.  Both  hema- 
tite and  magnetic  iron  ores  are  common  in  these  rocks.  Gneiss  is  not 
common  in  the  Huronian,  and  it  differs  from  the  ordinary  Laurentian 
gneiss  in  being  imperfect  and  slightly  calcareous. 

In  the  upper  division  of  the  Huronian  probably  the  most  abundant 
rock  in  Ontario  is  what  may  be  called  a  graywacke,  but  which  in  the 
older  reports  was  often  styled  a  "  slate  conglomerate;"  bnt  it  also  in- 
cludes clay-slates,  argillites,  felsites,  quartzites,  ordinary  conglomer- 
ates, jasper  conglomerates,  breccias,  dolomites,  serpentine,  etc.  In 
some  localities  the  nearly  vertical  bands  of  quartzite,  having  withstood 
denudation  better  than  the  other  rocks,  remain  as  conspicuous  hills  or 
ridges,  and  this  circumstance  has  caused  their  relative  volume  in  the 
series  to  be  overrated  by  superficial  observers.  The  materials  forming 
the  gray wackes  and  the  stratified  quartzose  diorites  have  been  derived 
from  volcanic  sources.  The  igneous  character  of  the  Huronian  is  farther 
shown  by  the  large  masses  and  areas  ot  greenstone  (diorites  or  dia- 
bases), granites,  syenites,  and  other  eruptive  rocks  which  are  so  largely 
mingled  with  both  the  lower  and  upper  portions  of  the  Huronian  sys- 
tem in  all  parts  of  their  distribution,  forming  indeed  one  of  its  charac- 
teristic features.  The  crystalline  greenstones  occur  either  as  compact 
areas,  wide  elongated  masses,  dikes,  or  thick  inter  stratifying  beds  in 
nearly  all  the  Huronian  areas.  In  many  cases  the  dioritic  schists  may 
have  been  originally  massive,  but  assumed  the  cleaved  structure  by 
pressure  when  incorporated  among  stratified  masses.  The  commonest 
position  of  the  granite  and  syenite  areas  is  within  but  toward  the  bor- 
ders of  the  Huronian  tracts;  but  they  sometimes  occur  in  the  Lauren- 
tian country,  in  their  immediate  vicinity,  or  at  a  distance  from  them  in 
the  direction  of  the  longer  axis  of  the  Huronian  areas. 

Unconformably  above  the  Huronian  is  the  Cambrian  system,  which 
comprises,  in  the  ascending  order,  the  Animikie,  Mpigon,  and  Potsdam 
formations. 

The  Animikie  formation,  in  ascending  order,  consists  of  arenaceous 
conglomerate,  with  pebbles  of  quartz,  jasper,  and  slate,  seen  on  the 
north  shore  of  Thunder  bay;  of  thinly  bedded  cherts,  mostly  of  dark 
colors,  with  argillaceous  and  dolomitic  beds;  of  black  and  dark  argil- 
lites, and  flaggy  black  shales,  with  sandstones  and  ferruginous  dolo- 
mitic  bands  and  arenaceous  beds,  often  rich  in  magnetic  iron,  together 
with  layers  and  intrusive  masses  of  trap  (diabase).  The  Animikie  for- 
mation occupies  a  great  triangular  area  north  and  west  of  lake  Supe- 
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rior,  the  base  of  which  is  60 miles  in  length  and  the  arms  40  and  80  miles, 
respectively. 

The  Nipigon  formation,  resting  with  apparent  unconformity  upon  the 
Animikie  formation,  is  characterized  by  reddish  marls,  sandstones,  and 
conglomerates,  with  a  large  proportion  of  variously  colored  trappean 
beds  and  masses,  a  considerable  part  of  which  is  amygdaloidal.  The 
Mpigon  formation  occupies  a  great  area  about  Nipigon  lake  and  con- 
siderable areas  at  the  east  end  of  lake  Superior  and  on  Michipicoten 
island. 

On  the  east  side  of  Hudson  bay  and  on  the  islands  off  the  coast  vol- 
canic and  sedimentary  rocks  are  largely  developed,  comprising  con- 
glomerates, sandstones,  limestones,  chert  breccias,  shales,  quartzites, 
argillites,  porphyries,  crystalline  traps,  amygdaloids,  tufas,  etc.  The 
upper  part  of  these  may  correspond  to  the  Mpigon  and  the  lower  to 
the  Animikie. 

The  sandstones  of  Sault  Ste.  Marie,  of  the  peninsula  between  Goulais 
and  Batchawana  bays,  isle  Parisienne,  etc.,  seem  to  be  of  Potsdam 
age.  These  sandstones  are  mostly  red,  but,  unlike  the  Mpigon  forma- 
tion, they  appear  to  be  free  from  local  disturbance  and  lie  almost  flat. 
Although  they  resemble  some  of  the  sandstones  of  the  Nipigon  series 
at  Mamainse  in  red  color,  they  are  believed  to  be  newer  and  probably 
unconformable  to  them. 

Lawson,40  in  1891,  states  that  the  granite  of  Saganaga  lake  is  found 
with  abundant  and  clearly  observed  evidences  of  eruption,  breaking 
through  the  Keewatin  rocks,  including  the  upper  Vermilion  fragmental 
rocks  of  Ogishki  lake  with  their  associated  slates  and  grits.  It  is  con- 
cluded that  the  break  between  the  upper  and  lower  Vermilion,  de- 
scribed by  Van  Hise,  is  within  the  Keewatin  group,  dividing  it  into  an 
upper  and  lower  series,  and  that  this  break  is  therefore  below  the 
Animikie.  It  is  further  said  that  the  conglomerates  of  the  upper 
Kaministiquia  series  come  out  close  to  the  shores  of  Thunder  bay  and 
form  the  basement  upon  which  the  undisturbed  Animikie  rocks  rest  with 
strongly  marked  unconformity.  The  following  succession  for  the  region 
northwest  of  lake  Superior  is  presented:  Keweenawan  or  Nipigon 
group;  unconformity 5  Animikie  group  (possibly  Huronian);  uncon- 
formity; upper  Keewatin  series,  unconformity;  lower  Keewatin 
series;  unconformity  (?) ;  Coutchiching  group;  eruptive  unconformity; 
Laurentian  system,  the  granites  and  gneisses  of  which  cut  both  Kee- 
watin and  Coutchiching  groups. 

Smyth  (H.  L.),41  in  1891,  describes  the  structural  geology  of  Steep 
Rock  lake,  Ontario.  The  lake  is  roughly  in  the  shape  of  a  letter  M,  the 
top  is  to  the  north,  and  its  arms  conform  to  the  strike  of  the  rock  series. 
The  rocks  are  divisible  into  three  principal  groups.  The  lower  consists 
of  granites  and  gneisses,  and  is  designated  as  the  basement  complex. 
Resting  upon  the  basement  complex  is  a  series  of  rocks  about  5,000  feet 
in  thickness,  composed  of  nine  persistent  formations,  which  together 
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constitute  the  Steep  Kock  series.  Lying  across  theedgesof  fche  Steep 
Eock  series,  at  the  southeastern  part  of  the  lake,  is  a  later  series  of 
granites,  porphyries,  and  hornblende  rocks  which  pass  upward  into 
the  schists  of  the  Atieokan  river  and  are  designated  the  Aticokan 
series.  The  granites  and  gneisses  of  the  basal  complex  are  cut  by  vari- 
ous dikes,  which  are  of  three  kinds,  those  which  supplied  pebbles  to 
the  conglomerate  at  the  base  of  the  Steep  Eock  series;  those  which 
traverse  both  the  basement  complex  and  the  Steep  Rock  series  but 
have  been  subjected  to  the  folding 5  and,  third,  a  single  massive  dike 
which  is  subsequent  to  the  latest  period  of  folding. 

The  formations  of  the  Steep  Rock  series,  in  ascending  order,  are  con- 
glomerate, lower  limestone^  ferruginous  horizon,  in terbedded  crystal- 
line traps,  calcareous  green  schists,  upper  conglomerate,  greenstones 
and  greenstone- schists,  agglomerate,  and  dark  gray  clay-slate.  It  is 
then  a  series  of  sediments  and  interbedded  eruptives. 

Along  the  whole  course  of  the  lake  this  series  dips  at  very  steep  an- 
gles, ranging  from  60°  to  80°  away  from  the  basement  rocks,  upon 
which  they  hang  as  a  time-Avorn  fringe  having  no  extension  inland.  The 
basal  part  of  the  Steep  Rock  series  is  a  bed  having  a  maximum  thick- 
ness of  nearly  a  hundred  feet,  presenting  the  various  phases  of  a  con- 
glomerate, coarse  and  fine,  and  quartzite  and  quartz-schists  with  feld- 
spar. The  lowest  member  contains  rounded  and  waterworn  pebbles  of 
quartz  and  greenstone,  the  largest  being  a  foot  in  diameter.  Near  the 
junction  of  the  Steep  Rock  series  and  basal  complex  both  are  some- 
times very  similar  in  composition,  so  that  it  is  impossible  to  draw  the 
lines  between  them  by  this  criterion.  There  is  an  apparent  transition 
from  one  rock  into  the  other.  The  transition  zone  has  a  highly  schist- 
ose structure  in  the  regional  direction,  which  crosses  the  course  of  con- 
tact and  the  bedding  nearly  at  right  angles  and  is  traced  from  the  tran- 
sition zone  into  the  undoubted  granite  into  which  it  gradually  dies  out. 
This  transition  is  explained  as  due  to  probable  disintegration  of  the 
basement  complex  before  the  Steep  Rock  series  was  deposited;  combined 
with  subsequent  powerful  dynamic  movements  which  have  affected  both 
series. 

%The  Steep  Rock  series  is  folded  into  an  eastern  synclinal,  a  middle 
anticlinal,  and  a  western  synclinal,  the  latter  being  faulted.  The  axes 
of  these  folds  have  a  high  pitch  to  the  southward,  varying  from  00°  to 
nearly  90°.  Throughout  the  whole  area  is  a  regional  cleavage  which 
has  a  nearly  uniform  direction  transverse  to  all  the  members  of  the 
Steep  Rock  series  and  also  the  contact  between  this  series  and  the 
basement  complex.  This  has  largely  obliterated  the  original  la  mi  na- 
tion of  the  sediments  and  is  now  the  dominant  structure  It  is  there- 
fore the  last  force  which  has  left  its  marks  upon  the  rocks  of  (he  lake. 
Before  this  last  force  acted  upon  the  rocks,  the  Steep  Rock  series  had 
been  folded  into  a  southwestward  dipping  monoclinal  which,  under  the 
action  of  the  cleavage-producing  force  in  a  northeast  and  southwest 
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direction ,  caused  the  present  fluted  outcrop  of  the  formations  of  the 
Steep  Rock  series.  That  the  basement  complex  itself  yielded  to  this 
latter  force  is  shown  by  the  irregular  outcrops  of  the  dikes  cutting  it. 
Asa  result  of  the  study  the  folio  wiug  general  conclusions  are  reached  : 
The  contact  of  the  lowest  horizon  of  the  Steep  Rock  series  with  the 
basement  complex  is  one  of  erosion.  The  complex  at  the  time  of  the 
deposition  of  the  Steep  Rock  series  was  made  up  of  consolidated  crys- 
talline rocks,  and  there  is  no  evidence  whatever  that  it  has  since  under- 
gone fusion  or  recurred  to  the  condition  of  a  magma.  The  rocks  of  the 
Steep  Rock  series  have  been  subjected  at  two  periods,  more  or  less  dis- 
tant from  one  another,  to  great  orotechnic  forces,  which  acted — the  first 
in  a  northeast  and  southwest  direction,  and  the  second  in  a  northwest 
and  southeast  direction.  The  latter  force  has  imposed  upon  all  the 
rocks  of  the  region  a  northeast  structure  which  has  largely,  but  not 
entirely,  obliterated  preexisting  lamination  in  the  sediments  and 
schists  of  the  Steep  Rock  series.  The  two  orotechnic  actions  have 
produced  great  developments  of  autoclastic  schists,  both  in  the  gran- 
ites and  in  the  rocks  of  the  Steep  Rock  series,  the  present  structure 
of  which  was  induced  and  determined  in  direction  by  the  later  force. 

SECTION  II.   WORK   OF   THE  EARLY  UNITED   STATES   GEOLOGISTS  AND 

ASSOCIATES. 

Schoolcraft,42  in  1821,  in  his  Narrative  Journal  of  Travels  in  the 
Northwest,  makes  various  observations  on  the  crystalline  rocks.  At 
Granite  point  is  found  a  bluff  of  granite  which  is  traversed  by  irregu- 
lar veins  of  greenstone  trap.  The  sandstone  laps  upon  the  granite  and 
fits  into  its  irregular  indentations  in  a  manner  that  shows  it  to  have 
assumed  that  position  subsequently  to  the  upheaving  of  the  granite. 
Its  horizontality  is  i:>reserved  even  to  the  immediate  point  of  contact. 
All  the  rock  along  the  south  shore  of  Lake  Superior  is  either  red  or 
gray  variegated  sandstone,  which  appears  to  be  referable  to  one  forma- 
tion. On  passing  by  the  Porcupine  mountains,  the  red  sandstone  is 
visible  along  the  shore  in  a  position  nearly  vertical,  dipping  under  the 
lake  toward  the  north.  Red  sandstone  in  a  vertical  position  is  found 
at  the  mouth  of  the  Montreal  river  and  for  a  few  miles  beyond  it 
toward  Chequainegon  bay.  On  the  St.  Louis  river,  after  passing  red 
sandrock  in  a  horizontal  position,  is  found  on  the  banks  of  the  river  a 
slate  (argillite)  in  a  vertical  position  traversed  by  greenstone  and  milky 
quartz.  At  the  grand  portage  of  the  St.  Louis  the  country  is  rough, 
consisting  of  slate  in  a  vertical  position.  This  continues  foiva  long- 
way  and  is  succeeded  by  Jiornblende,  which  continues  to  the  head  of 
Grand  rapids. 

Catlin,43  in  1840,  finds  the  red  pipestone'  quarries  of  the  coteau  des 
Prairies  to  consist  of  a  perfectly  stratified  rock  in  layers  of  light  gray 
and  rose  or  flesh  colored  quartz,  the  deposit  being  evidently  sedimen- 
tary and  of  secondary  age. 
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Locke/4  in  1844,  describes  the  rocks  of  Copper  harbor  as  well  as  the 
whole  of  Keweenaw  peninsula  as  decidedly  metamorphic,  showing 
every  degree  of  change  produced  by  igneous  action,  from  unchanged 
sandstone  to  compact  greenstone.  The  original  stratification  is  gener- 
ally more  or  less  evident;  some  layers  bear  evidence  of  semifusion  with 
a  corresponding  degree  of  induration,  while  others  seem  scarcely  to 
have  been  altered. 

Cunningham,45  in  1845,  Sanders,46  in  1845,  Campbell,47  Sanders,48 
Gray,49  in  1845,  Gray,50  in  1846,  give  various  detailed  observations  as 
to  the  mineral  regions  of  lake  Superior,  but  give  little  or  nothing  of 
structural  interest. 

Bog-ers,51  in  1846,  describes  the  red  sandstones  and  conglomerates  of 
lake  Superior  as  resting  unconformably  upon  highly  inclined  slate  rocks 
undoubtedly  Primal,  and  the  Potsdam  sandstone  of  the  New  York  sur- 
vey at  Chocolate  and  Carp  rivers,  and  therefore  of  post-Paleozoic  age. 

Owen,52  in  1847,  finds  the  horizontal  sandstone  to  overlap  the  crys- 
talline and  metamorphic  formations  at  the  southern  portion  of  the 
Chippewa  land  district  near  the  falls  of  the  streams  flowing  into  the 
Mississippi.  Tb*e  region  to  the  north  is  based  upon  crystalline,  gra- 
nitic, and  other  intrusive  rocks.  North  of  the  summit  levels  of  the 
Chippewa  land  district  the  peculiar  formations  of  the  lake  Superior 
country  commence.  These  are  red  sandstones,  marls,  and  conglomer- 
ates, occasionally  penetrated  by  iutrusive  ranges  of  hornblende,  green- 
stone, trap,  and  amygdaloid  similar  in  their  general  aspect  to  the  con- 
temporaneous ranges  of  igneous  rocks  which  occur  in  the  mining  dis- 
trict of  .Michigan.  Besides  this  trap  formation,  there  is  an  entirely 
distinct  trap  system  in  immediate  juxtaposition  with  which  strata  have 
been  discovered  which  are  as  old  as  if  not  older  than  the  Lingula  beds  of 
the  Potsdam  sandstone  of  New  York. 

Locke,53  in  1847,  speaks  of  the  relation  of  the  trap  rock  and  sand- 
stone at  Presque  isle,  and  submits  a  drawing  of  it. 

Whitney,54  in  1847,  describes  the  wide  band  of  trappean  rocks  com- 
mencing at  the  extremity  of  Keweenaw  point  as  continuing  its  course 
uninterruptedly  as  far  as  the  Montreal  river.  Its  distance  from  the 
lake  between  Portage  and  Ontonagon  is  generally  from  8  to  10  miles. 
The  highest  and  most  imposing  cliffs  are  found  north  and  east  of  Ago- 
gebic  lake.  Beyond  Agogebic  lake  the  trap  range  widens  and  forms 
several  ridges,  between  which  it  is  not  impossible  that  there  may  be 
sandstone.  The  Porcupine  mountains  embrace  a  system  of  trappose 
rocks  in  three  tolerably  distinct  ranges.  All  the  country  north  of  the 
northern  edge  of  the  trap  range  from  the  Ontonagon  to  the  Montreal, 
with  the  exception  of  the  trappose  rocks  of  the  Porcupine  mountains,  is 
covered  by  the  red  sandstone  of  lake  Superior. 

Owen,55  in  1847,  gives  many  details  of  the  formations  of  the  interior 
of  the  Chippewa  land  district,  and  of  the  formation  of  lake  Superior. 
In  the  first  district  are  seen  many  varieties  of  granite,  syenite,  green- 
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stones,  hornblende-rock,  gneiss,  and  mica-slate.  Magnesian  and  mag. 
netic  slates  are  capped  unconformable  by  pebbly  sandstones  for  nearly 
a  mile  along  Black  river.  The  red  sandstone  of  lake  Superior  on  Ray- 
monds  creek  is  estimated  by  Randall  to  Ipe  10,000  feet  in  thickness. 

Norwood,56  in  1847,  describes  various  rocks  on  the  St.  Louis  river 
in  the  district  between  Fond  du  Lac  and  the  falls  of  St.  Anthony,  and 
from  the  mouth  of  the  Montreal  river  to  the  headwaters  of  the  Wis- 
consin river  by  way  of  lake  Flambeau.  On  the  St.  Louis  river  a  con- 
glomerate is  found  to  rest  unconformably  upon  the  lower  slates,  the 
junction  of  the  slates  and  conglomerates  being  exposed. 

Rogers,'''7  in  1848,  remarks  that  the  south  shore  of  lake  Superior  is 
outlined  by  a  series  of  east  and  west  dikes. 

Whitney,58  in  1848,  finds  in  the  townships  near  the  Anse  fossiliferous 
limestone,  which  seems  to  be  surrounded  by  and  has  been  deposited  on 
the  lake  Superior  sandstone. 

Foster,5!/  in  1848,  in  passing  from  Copper  harbor  to  L'Anse,  finds 
that  the  trap,  instead  of  being  forced  through  the  layer  of  sandstone, 
as  on  the  northern  slope  of  Keweenaw  point,  protrudes  through  a  fissure 
in  it,  causing  an  anticlinal  axis.  A  few  miles  farther  *south  the  sand- 
stone is  nearly  horizontal,  being  in  a  series  of  gentle  undulations.  At 
L'Anse  the  sandstones  overlie  the  talcose,  argillaceous,  and  hornblendic 
slates  unconformably,  while  15  miles  southeast  of  L'Anse  the  granites 
protrude  through  these  schists. 

Upon  the  Michigamme  river  were  found  in  order  beds  of  quartz  and 
feldspar,  hornblende,  and  specular  oxide  of  iron,  associated  with  talcose 
and  argillaceous  schists.  On  the  left  bank  of  the  Michigamme.  (Sec.  1, 
T.  46  N".,  R.  30  W.)  is  a  hill  170  feet  high,  which  exposes  a  very  large 
mass  of  nearly  pure  specular  oxide  of  iron.  About  40  feet  from  the 
escarpment  is  a  metamorphic  rock  composed  of  rounded  particles  of 
quartz  and  feldspar  with  masses  of  ore  intermingled  like  the  pebbles  of 
a  conglomerate. 

Iron  ore  and  marble  were  observed  along  the  Menominee,  as  well  as 
various  other  kinds  of  rocks,  including  granite,  hornblende-slate,  tal- 
cose slate,  etc.  At  Sandy  portage,  on  the  Menominee,  is  a  class  of  pho- 
tonic rocks  older  than  the  traps  of  Keweenaw  point,  which  were  pro- 
truded among  the  slates  and  then  denuded  before  the  deposition  of  the 
sandstone;  for  the  slates  are  intercalated  among  the  igneous  rocks 
with  a  vertical  inclination,  while  the  sandstone  rests  horizontally  or 
nearly  so  upon  them.  This  sandstone  is  regarded  as  the  oldest  of  the 
Paleozoic  rocks  and  is  the  equivalent  of  the  sandstone  on  the  northern 
slope  of  the  upper  peninsula.  Resting  upon  this  sandstone  is  a  lime- 
stone which  is  sparingly  fossiliferous. 

Jackson,00  in  1849,  describes  the  sandstone  of  Keweenaw  point  re- 
mote from  the  trap  as  horizontal  or  but  slightly  waving,  while  near  the 
trap  rock  it  is  as  high  as  30°.  The  conglomerate  is  limited  to  the  bor- 
ders of  the  trap  and  is  of  the  same  age  as  the  finer  grained  sandstone 


vanhise.1  LAKE    SUPERIOR    REGION.  75 

with  which  it  alternates.  At  the  line  of  junction  of  the  trap  rocks  and 
sandstone  the  two  are  interfused,  producing  the  metamorphic  rock 
amygdaloid,  which  resembles  the  vesicular  lavas  of  volcanoes,  but  has 
its  cavities  filled  with  a  great  variety  of  curious  and  interesting  min- 
erals. On  isle  Roy  ale  about  one  quarter  of  the  area  is  sandstone  and 
conglomerate  and  the  remainder  trap,  which  formed  ridges  extending 
the  whole  length  of  the  island. 

Whitney,61  in  1849,  describes  the  iron  ore  of  the  upper  peninsula  of 
Michigan  as  existing  in  the  form  of  solid  ridges  and  knobs  inter  stratified 
with  banded  jasper,  the  whole  evidently  of  igneous  origin. 

Agassiz,6'2  in  1850,  describes  the  outlines  of  the  shore  of  lake  Supe- 
rior as  largely  due  to  six  different  sets  of  dikes  of  different  mineral- 
ogical  character,  and  each  system  running  parallel  to  one  of  the  main 
shores  lines,  although  it  would  be  a  mistake  to  ascribe  the  form  to  any 
single  geological  event.  Its  position  in<  the  main  is  doubtless  deter- 
mined by  a  dislocation  between  the  primitive  range  north  and  the  sedi- 
mentary deposit  south.  The  rocks  of  the  north  shore  of  lake  Superior 
are  extensively  metamorphic.  The  new  red  sandstone  passes  into  por- 
phyries, into  quartzite,  granite  and  gneiss,  the  metamorphism  being 
more  or  less  perfect,  so  that  the  stratification  is  still  sometimes  pre- 
served or  passes  gradually  into  absolutely  massive  rocks. 

Jackson,63  Dickenson,  McIntyre,  Barnes,  Locke,  Foster  and 
Whitney,  Gtbbs,  Hill,  Burt,  and  Hubbard,  in  1850,  report  upon 
the  mineral  lands  south  of  lake  Superior  in  the  state  of  Michigan. 

Jackson,64  describes  the  red  sandstones  and  conglomerates  of  Ke- 
weenaw point  as  existing  there  anterior  to  the  elevation  of  the  trap 
rocks,  being  derived  from  the  deposition  of  fine  sand  and  pebbles  from 
preexisting  Primary  rocks,  such  as  granite,  gneiss,  or  mica- slate.  Por- 
phyry furnishes  a  large  portion  of  the  debris,  but  it  is  doubtful  if  this  is 
not  a  semi- fused  sandstone.  There  is  no  reason  to  believe  that  igneous 
agencies  had  anything  to  do  with  the  origin  of  the  pebbles  of  the  con- 
glomerate, for  they  are  rounded  by  the  action  of  water.  From  the 
circumstance  that  the  conglomerate  borders  the  trappean  rocks  it  is 
supposed  an  ancient  shore  may  have  existed  along  that  line.  It  is  cer- 
tain that  the  finer  sandstone  is  more  remote  from  the  trap  than  the  con- 
glomerate is,  and  that  it  is  less  uplifted  and  inclined  as  it  recedes  from 
the  trap  band.  Near  the  junction  of  the  two  rocks  the  strata  dip  25° 
or  30°,  while  remote  from  it  the  sandstone  is  nearly  horizontal.  The 
mineral  composition,  association,  and  contents  of  the  sandstone  are  iden- 
tical with  those  of  Nova  Scotia,  Connecticut,  Massachusetts,  and  New 
Jersey,  belonging  to  the  new  red  sandstone  series;  and  that  the  lake 
Superior  belongs  to  this  age  has  been  confirmed  by  the  discovery  by 
C.  F.  Merion  of  a  tract  of  limestone  in  the  midst  of  the  sandstone  of 
Keweenaw  point  near  the  Anse.  The  limestone  contains  Pentameruq 
oblongm,  and  according  to  Whitney  has  a  dip  of  30°,  while  the  overly- 
ing sandstone  is  horizontal  and  has  been  deposited  around  it.    The 
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sedimentary  strata  have  undergone  great  change  by  the  action  of  the 

trap  rocks.  Along  the  line  of  the  junction  a  chemical  combination  of 
The  materials  of  the  sandstones  and  trap  rocks  took  place,  forming  the 
vesicular  trap  called  amygdaloid,  while  there  has  further  resulted  from 
this  action  a  breccia  ted  or  trap  turf,  consisting  of  broken  pieces  of 
amygdaloid  and  sandstone.  At  other  times  the  sandstone  is  indurated 
into  a  flinty  red  rock  resembling  jasper.  At  the  Copper  fails  mine  is 
a  ease  of  what  appears  to  be  an  Orthocera  in  the  breccia  of  amygdaloids 
and  altered  limestones  May  it  not  have  been  torn  from  a  subjacent 
bed  of  Silurian  limestone  by  the  agency  of  the  intruded  trap  rocks  1 
At  the  coast  off  lac  la  Belle  the  sandstone  in  contact  with  trap  has  a 
dip  to  the  south  of  30°  while  at  point  Isabelle  the  sandstone  cliffs  are 
nearly  horizontal. 

Locke"  rinds  near  L'Anse  that  the  trappean  rocks  contain  frag- 
ments ^>i  slate  distributed  through  it  and  converted  into  a  hornstone 
when  in  small  pieces,  like  the  eruptive  granite  of  Pigwacket  mountain. 
Xew  Hampshire.  At  point  No.  2.  west  of  Presque  isle,  is  a  junction  of 
3  I'idsrone  and  syenite.  The  mass  of  syenite  intersected  by  dikes 
of  trap  is  under  the  sandstone  and  seems  to  have  but  slightly  affected 
it. 

Foster  and  Whepkey"  accompany  their  synopsis  of  their  explora- 
tion- by  g        _    al  maps  of  the  region  between  Portage  lake  and  the 
Montreal  ri\  ei.  Keweenaw  point,  isle  Royale.  and  the  region  bet 
Keweenaw  bay  and  Chocolate  river. 

Whitney -T  finds  the  rocks  in  the  district  between  Portage  lake  and 
the  Ontonagon  river  t<:>  comprise  the  following:  First,  the  red  sand- 
stone of  lake  Superior,  the  age  of  which  can  not  be  determined,  as  it  is 
destitute  of  fossils.  It  lies  directly  upon  the  granitic  rocks.  Second,  a 
bed  of  loss  liferous  lime-t<me  of  the  Lower  Silurian  system,  which 
cs  in  an  isolated  position  and  has  but  a  limited  extent,  and  the 
relations  of  which  to  the  sandstone  have  not  been  determined  with  cer- 
tainty. Third,  the  trappean  rocks.  Fourth,  granitic  and  syenitic 
rocks,  with  hornbleude  and  greenstone.  The  farther  the  red  sand- 
stone is  removed  from  the  trappean  rocks,  so  much  nearer  do  its  strata 
approach  to  the  horizontal  and  also  become  lighter  color  and  more 
fragile.  The  conglomerate  of  Keweenaw  point  occurs  mixed  and  inter- 
calated in  such  a  manner  with  the  sandstone  as  to  leave  no  doubt  of 
their  common  origin  and  identity  of  age.  In  general  the  beds  of  eon- 
glomerate  increase  in  frequency  in  nearing  the  trap.  The  sand-tone 
does  not  repose  directly  on  the  trap,  bnt  almost  invariably  a  bed  of 
se  pebble  rock  is  found  interposed  between.  A  trap  breccia  found 
at  Cushmaifs  -e^ms  to  be  a  product  of  the  interfusion  of  trap  and 
sandstone.  Compact  quartz  rock  or  jasper  occurs  abundantly  in  moun- 
tain masses  in  the  Porcupine  mountains. 

Whitney  describes  a  deposit  of  limestone  which  rises  to  a  height  of 
about  300  feet  above  the  general  level  of  the  country  near  L'Anse. 
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The  limestone  is  indistinctly  stratified  and  dips  from  zero  to  30°  at 
various  points.  At  certain  places  it  contains  numerous  fossils,  but 
the  greater  part  <»f  the  rock  seems  to  be  destitute  of  them.  Among 
the  fossils  are  encrinites.  orthoceratites,  and  oilier.-.  The  country 
around  is  low  and  swampy,  but  the  indications  arc  for  nothing  but 
sandstone  horizontally  stratified.  As  the  limestone  is  apparently 
inclined  at  an  angle  of  30'.  it  seems  evident  that  this  istheoldest  rock, 
though  it  can  not  he  denied  that  the  stratification  of  the  limestone  is 
very  obscure  and  in  some  places  it  appears  to  lie  nearly  horizontal. 
On  the  data  collected  the  author  feels  unwilling  to  pronounce  which  is 
the  older  formation. 

Foster^  finds  at  Copper  harbor  the  junction  of  the  trap  and  con- 
glomerate. At  the  point  of  contact  fche  trap  is  vesicular,  but  a  few  feef 
distant  amygdaloidal.  The  conglomerate  is  made  up  of  rounded  peb- 
bles of  greenstone,  porphyry,  and  rarely  granite,  cemented  by  a  dark 
iron  sand,  with  carbonate  of  lime  among  the  interstice-.  Near  the 
Qjuincy  mine  the  conglomerate,  or  rather  sandstone,  containing  quartz 
pebbles,  forms  the  gorge  of  the  stream  below  the  falls,  and  differs  es- 
sentially from  that  on  the  northern  slope  of  Keweenaw  point.  Be- 
tween the  sandstone  and  compact  trap  is  a  bed  of  red  slaty  trap  asso- 
ciated with  amygdaloid.  At  L'Anse  sandstone  and  conglomerate  are 
found  resting  uncouformablyupon  chlorite-slate.  novaculiteor  siliceous 
slate.  In  the  Chippewa  land  district  is  found  granite,  gneiss,  horn- 
blende, chlorite,  argillaceous  slates,  and  magnetic  iron  ore.  In  Sec.  1. 
T.  In  ]s..  E.  3o  W.,is  a  bed  of  quartz  composed  of  rounded  grains,  with 
small  speck>  of  iron  disseminated,  and  Ifcrge  rounded  masses  of  the 
same  material  inclosed,  constituting  a  conglomerate.  This  bed  is  15 
feet  in  thickness  and  is  succeeded  again  by  a  specular  iron  exposed  in 
places  to  the  width  of  100  feet. 

The  author  is  disposed  to  place  the  sandstone  of  lake  Superior  at  the 
base  of  the  fossQiferous  series.  The  imbedded  traps  of  Keweenaw 
point  and  isle  Eoyale  have  broken  through  this  sandstone,  forming  con- 
tinuous lines  of  elevation.  In  receding  from  the  trap  of  Keweenaw 
point  the  inclination  of  the  sandstone  diminishes  rapidly,  and  5  or  6 
miles  away  is  nearly  horizontal.  In  a  fork  of  Torch  river,  on  the  Doug- 
lass Houghton  raining  company's  hind,  the  sandstone  dips  southerly, 
or  away  from  the  trap.  On  the  north  side  of  the  stream  it  is  seen  I 
ing  on  the  trap  in  large  blocks.  On  the  south  side  of  Keweenaw  point, 
at  Bete  Grise  bay.  the  sandstone  is  white  and  granular,  destitute  of 
pebbles,  and  dips  southerly  or  away  from  the  trap.  In  the  bottom  of 
the  bay.  when  the  wat*rr  is  calm,  the  bands  of  sandstone  can  be  seen 
:ribing  immense  curves  parallel  to  the  direction  of  the  Bohemian 
range  of  mountains,  and  affording  conclusive  evidence  that  their  b< 
ing  and  upheaval  are  due  to  the  protrusion  of  the  igneous  rocks.  On 
the  ea>t  side  of  Sec.  14.  T.  59  N.,  B.  29 W.,  the  sandsto  rlyhori 

.zo.utal.  although  removed  but  a  few  miles  from  the  trap. 
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Burt  69  finds  on  Keweenaw  point  and  along  the  south  shore  of  lake 
Superior  to  the  mouth  of  Carp  river  and  in  the  Porcupine  mountains 
five  principal  groups  of  rocks :  Primary,  Slates,  Trap,  Conglomerate, 
and  Sandstone.  With  the  Primary  rocks  are  placed  syenite  and  gran- 
ite. Flanking  the  Primary  rocks  is  argillaceous  slate 5  flanking  the 
slates  and  resting  upon  them  are  red  and  variegated  sandstones,  and 
these  also  flank  the  Primary  rocks.  The  Trap  rocks  have  a  much  higher 
angle  on  the  southeast  than  on  the  northwest  side  of  the  range,  which 
runs  from  the  northeast  end  of  Keweenaw  point  and  extends  in  a  course 
generally  to  the  southwest.  The  Conglomerate  flanks  the  trap  range 
on  the  northwest,  and  is  made  up  of  sand,  pebbles,  and  small  bowlders 
principally  derived  from  the  rooks  of  the  trap  family.  Resting  con- 
formably upon  the  conglomerate  rock  are  a  series  of  alternating  strata 
of  sandstone  and  conglomerate. 

Hubbard  70  finds,  in  the  district  south  of  lake  Superior,  Primary  and 
Metamorphic  regions,  consisting  of  granite  rocks,  between  which  are 
metamorphic  rocks  which  graduate  into  clay- slate. 

Burt71  finds  in  the  area  bounded  on  the  north  by  the  Fifth  Correc- 
tion line  and  south  by  the  Fourth  Correction  line  and  the  Brule  river, 
between  ranges  23  and  37,  granite  and  syenite,  talcose  and  argillaceous 
slates,  greenstone  and  hornblende- slate,  mica-slates,  coarse  sandstone, 
calciferous  sand  rock,  encrinal  limestone,  red  sandstone  and  red  clay, 
and  magnetic  iron  ore  beds. 

Foster  and  Whitney,72  in  1850,  give  a  systematic  report  on  the 
geology  and  topography  of  the  copper  lands.  On  Keweenaw  point  these 
consist  of  trappean  rocks  associated  with  conglomerates  and  sandstones 

On  this  point  are  two  trap  ranges,  the  southern  known  as  the  Bohe 
mian  range.     The  conglomerates  are  volcanic  friction  rocks  rather  than 
the  result  of  erosion.     The  pebbles  may  have  received  their  rounded 
shape  by  being  projected  from  fissures  through  water.     The  only  in- 
stance in  the  district  in  which  trap  occurs  remote  from  the  lines  of  fissure 
is  in  the  northeast  corner  of  T.  49  K.  R,  36  W.,  where  Silver  mountain  rises 
as  an  isolated  and  dome-shaped  mass  to  the  height  of  1,000  feet.     The 
summit  of  the  rock  consists  of  labrador  and  hornblende,  while  the  sur 
rounding  plain  is  covered  with  clay,  resting  on  sandstone  in  a  nearly 
horizontal  position.     The  sandstones  and  interbedded  traps  of  Kewee 
naw  point  and  isle  Royale  dip  in  opposite  directions  and  form  a  synclinal 
trough.     Near  L'Anse  is  a  limited  patch  of  limestone  which  has  a  dip 
to  the  eastward  from  25°  to  30°,  the  limestone  being  distinctly  stratified. 
The  sandstone  about  a  quarter  of  a  mile  to  the  north  is  horizontal,  and 
it  seems  evident  that  the  limestone  overlies  the  sandstone,  although  the 
position  of  the  inclined  beds  of  the  more  southerly  portion  of  the  lime 
stone  is  difficult  to  explain,  since  the  surrounding  country  is  low  and: 
level  and  underlain  by  sandstone  and  horizontal  beds.    It  seems  evident 
that  at  this  point  the  country  has  been  disturbed  and  upheaved  by- 
igneous  action  beneath,  which  has  raised  the  strata  without  any  ap- 
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pearance  of  trappean  rocks  at  the  surface.  This  is  indicated  by  the 
fact  that  at  no  great  distance  to  the  south  an  elevation  occurs  at  which 
the  strata  of  sandstone  dip  on  all  sides,  although  there  is  no  igneous 
rock  visible.  From  the  fossils  entombed  in  this  limestone  Hall  con- 
cludes that  the  rocks  may  be  regarded  as.the  equivalent  of  any  of  the 
following:  The  Potsdam  and  Oalciferous  sandstones,  the  Chazy,  Bird's- 
eye,  and  Black  river  limestones,  perhaps  of  the  Trenton  or  even  Hudson 
river  groups.  In  T.  47  K,,  R.  25  W.,  Michigan,  is  a  conglomerate,  the 
pebbles  of  which  comprise  granite,  hornblende,  slate,  greenstone,  and 
iron  ore.  m 

Foster  and  Whitney73,  in  1851,  report  on  the  iron  region  of  lake 
Superior  land  district,  and  give  and  an  account  of  its  general  geology. 
The  older  rocks  are  classified  as  follows: 

Plutonic  |  Granite. 

rocks.         ^T"lte-         . 

{  ieldspar  and  quartz  rock. 

Trappean  f  Greenstone,  or  dolerite,  porphyry,   basalt, 

or  I      amygdaloid,    hornblende  and   serpentine 

volcanic  j      rocks,  masses  of  specular    and  magnetic 

rocks.  [     oxide  of  iron. 

f  Gneiss,  mica  and  hornblende  slate.  • 
.  <  Chlorite,  talcose  and  argillaceous  slate. 
^  Beds  of  quartz  and  saccharoidal  marble. 


o 

2  1  Silurian  system. 


The  igneous  rocks  are  found  in  all  these  sedimentary  systems.  The 
oldest  igneous  rocks,  consisting  of  hornblende,  feldspar,  and  serpen- 
tine rocks  are  contemporary  with  the  Azoic  system.  The  granites  and 
syenites  are  intermediate  in  age  between  the  Azoic  and  Silurian  systems. 
These  are  traversed  by  two  systems  of  greenstone  dikes  which  are 
anterior  to  the  purely  sedimentary  deposits.  Contemporaneous  with 
the  lower  portion  of  the  Silurian  system  are  the  bedded  traps  and 
amygdaloids  of  Keweenaw  point,  isle  Eoyale  and  the  Ontonagon  region, 
which  are  conrposed  of  nearly  the  same  constituents  as  many  of  the 
older  igneous  rocks,  although  there  is  no  difficulty  from  the  diversity 
in  external  characters  in  drawing  the  line  of  demarcation  between 
them. 

Below  all  the  fossiliferous  groups  of  the  region  is  a  class  of  rocks  con- 
sisting of  crystalline  schists,  beds  of  quartz,  and  saccharoidal  marble, 
which  is  denominated  the  Azoic  system,  a  term  first  applied  by  Mur- 
chison  and  de  Yerneuil  to  designate  the  crystalline  masses  which  pre- 
ceded the  Paleozoic  strata.  This  term  as  here  used  is  limited  to  rocks 
which  are  detrital  in  their  origin  and  which  have  been  formed  before 
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the  dawn  of  organized  existence.  The  general  section  shows  the  rocks 
of  Keweenaw  point  to  be  the  counterpart  of  those  of  isle  Eoyale,  except 
that  the  dip  of  the  sedimentary  rocks  is  reversed,  thus  rendering  it 
highly  probable  that  between  these  two  points  is  a  great  curvature 
in  the  strata  caused  by  the  elevation  along  the  line  of  two  volcanic 
fissures.  The  sandstone  on  the  southern  slope  of  the  axis,  equivalent 
to  the  Potsdam,  is  seen  dipping  away  from  the  crystalline  trap  at  a 
high  angle,  but  at  a  short  distance  from  the  line  of  igneous  outburst 
it  verges  toward  horizontally ;  and  along  the  coast  at  the  head  of 
Keweenaw  bay  it  is  seen  reposing  unconforma^Iy  on  the  slates  of  the 
Azoic  system.  From  L'Anse  to  Chippewa  island  in  the  Menominee 
river,  a  direct  distance  of  more  than*  80  miles,  the  country  is  occupied 
by  rocks  of  the  Azoic  system,  which  include  immense  deposits  of  specu- 
lar and  magnetic  oxide  of  iron,  and  are  invaded  at  many  points  by 
igneous  rocks,  both  granitic  and  trappean.  At  Chippewa  island  the 
Potsdam  sandstone  reposes  upon  the  upturned  edges  of  the  slates. 

The  Azoic  rocks  have  been  so  transformed  by  direct  and  transmitted 
heat  as  to  exhibit  few  traces  of  their  original  character.  Sandstone  has 
been  converted  into  massive  quartz,  limestone  into  saccharoidal  marble, 
and  shales  into  hard  crystalline  schists.  These  rocks  are  destitute  of 
life,  are  a  system  of  obscurely  stratified  rocks  interposed  between  the 
Potsdam  and  the  granite,  and  are  unconformable  to  the  former  in  dip. 
The  Azoic  series  of  the  southern  shore  have  not  been  capable  of  divi- 
sion into  two  groups  as  done  by  Logan  on  the  north  shore.  The 
rocks  are  highly  inclined  and  much  contorted,  and  nowhere  exhibit  the 
characters  of  a  purely  sedimentary  rock ;  but  the  evidences  of  nieta- 
morphism  are  more  striking  in  approaching  the  lines  of  igneous  out- 
burst. Gneiss  generally  flanks  the  granite,  succeeded  by  dark  masses 
of  hornblende,  with  numerous  joints,  but  obscure  lines  of  bedding, 
which  often  graduate  into  hornblende- slate  or  chlorite- si  ate  in  receding 
from  the  igneous  products.  The  greenstones  often  form  broad  sheets, 
bearing  the  same  relation  to  the  slates  that  the  trappean  bands  of  Ke- 
weenaw point  do  to  the  conglomerates.  Many  of  the  slates  appear  to 
be  composed  of  pulverulent  greenstone,  as  though  they  might  origin- 
ally have  been  ejected  as  an  ash  and  subsequently  deposited  as  a  sedi- 
ment. They  pass  by  imperceptible  gradations  from  a  highly  fissile  to  a 
highly  compact  slate. 

In  Sec.  19,  T.  49  K".,  E.  27  W.,  is  found  a  talcose  and  chlorite  slate, 
and  quartzose  rocks  enveloping  pebbles  and  displaying*  obscure  lines  of 
stratification.  In  Sec.  32,  T.  48  N.,  E.  26  W.,  and  near  Jackson  Com- 
pany's forge  are  found  quartzose  conglomerates.  On  the  line  between 
Sees.  29  and  32,  T.  47  K,  E.  27  W.,  is  a  conglomerate  forming  an  isolated 
rounded  elevation,  which  is  made  up  of  coarse  blocks  of  various  sorts 
belonging  to  the  neighboring  trappean  and  slaty  beds.  Among  them 
are  found  fragments  of  the  rock  associated  with  iron,  and  masses  of  the 
iron  itself,  and  of  the  banded  and  jaspery  varieties.    Most  of  the  frag- . 
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ments  of  the  breccia  are  but  slightly  rounded  and  worn  on  their  edges, 
having  in  this  respect  the  appearance  of  a  friction  conglomerate.  The 
blocks  are  cemented  together  by  a  hard  ferruginous  paste. 

The  granites  belong  to  two  different  epochs:  That  of  the  northwest- 
ern coast  and  the  vicinity  of  Pigeon  river  was  elevated  before  the  Azoic 
period,  since  the  upper  portion  of  the  slates  repose  horizontally  around 
it ;  while  that  of  the  northeastern  coast,  and  that  which  forms  the  axis 
of  the  river  systems  of  the  two  lakes,  was  elevated  after  the  termination 
of  the  Azoic  period  and  before  the  dawn  of  the  Silurian,  since  the  gran- 
ite has  disturbed  the  upper  beds  of  slate,  while  the  lower  beds  of  the 
Potsdam  rest  undisturbed  around  it. 

The  masses  of  iron  ore  and  jasper  have  none  of  the  characteristics  of 
vein  deposits.  They  are  intercalated  among  the  metamorphosed  sedi- 
mentaries  and  have  an  intimate  association  with  the  trappean,  porpky- 
ritic,  and  serpentine  rocks.  If  the  trappean  rocks  were  an  invariable 
accompaniment,  the  ores  would  with  little  hesitancy  all  be  assigned  to 
a  purely  eruptive  origin;  but  when  they  are  found  in  the  form  of  beds, 
in  clearly  inetamorphic  strata,  having  a  common  bearing  and  inclina- 
tion, they  are  regarded  as  having  been  derived  from  the  destruction  of 
previously  formed  igneous  masses,  and  their  present  association  as  having 
resulted  from  aqueous  deposition.  The  Azoic  period  having  been  one 
of  long  continued  and  violent  mechanical  action,  there  is  no  reason  to 
doubt  that  many  of  the  strata  of  which  it  is  composed  may  have  been 
derived  from  the  ruins  of  previously  formed  rocks  of  the  same  age,  both 
sedimentary  and  igneous,  as  is  shown  by  the  case  of  the  knob  of  con- 
glomerate already  mentioned.  The  minute  banding  of  the  ore  and 
(jasper  can  hardly  be  explained  by  any  other  than  the  action  of  segre- 
gating forces  in  an  igneous  rock.  The  authors  are  then  disposed  to 
jregard  the  specular  and  magnetic  oxide  of  iron  as  a  purely  igneous 
product,  in  some  instances  poured  out,  in  others  sublimed,  from  the 
interior  of  the  earth.  Where  the  ores  are  in  a  state  of  purity,  in  the 
form  of  irregular  masses  in  preexisting  depressions,  or  where  the  in- 
cumbent strata  are  metamorphosed  or  traversed  by  the  dikes  of  ferru- 
ginous matter,  they  are  without  doubt  eruptive.  Where  impregnating 
metamorphic  j)roducts,  such  as  jasper,  hornstone,  or  chert,  quartz, 
phlorite,  and  talc  slate,  not  only  between  the  lamime  but  intimately 

Incorporated  with  the  mass,  giving  it  a  banded  structure,  they  are 
•egarded  as  the  results  of  sublimation.  The  supposition  that  the  ore 
nay  be  a  secondary  product  resulting  from  the  decomposition  of  a 
ayrite,  or  the  metamorphism  of  bog  iron,  is  inadequate  to  account  for 
3he  accumulation  of  such  mountain  masses  and  to  explain  the  relations 
;o  the  associated  rocks. 

The  bed  of  lake  Superior,  embracing  an  area  of  about  32,000  square 

niles,  is  occupied  almost  exclusively  by  the  Potsdam  sandstone     The 

andstone  in  the  vicinity  of  the  trappean  rocks  attains  the  enormous 

hickness  of  5,000  feet,  and  often  consists  of  conglomerates  composed 

Bull.  86 6 
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of  trappean  pebbles,  and  away  from  these  lines  of  disturbance,  where 
it  abuts  against  the  Azoic  rocks,  it  is  a  purely  siliceous  sand.  At 
Granite  point  masses  of  granite  are  overlain  by  horizontal  sandstones. 
The  granites  are  cut  by  dikes  of  greenstone,  which  in  no  case  penetrate 
the  overlying  rock.  The  same  phenomena  are  seen  at  Presque  isle,  at 
Middle  island  below  Presque  isle,  and  at  Carp  river.  On  the  Menominee 
river,  near  the  foot  of  Chippewa  island,  layers  of  sandstone  are  found 
on  the  upturned  edges  of  the  Azoic  slates. 

Whitney  does  not  find  the  Pentamerus  oblongus  referred  to  by  Jack- 
son, nor  any  other  form  characteristic  of  the  Magara  formation;  but,  on 
the  other  hand,  they  are  pronounced  as  belonging  to  Lower  Silurian 
types. 

Foster  and  Whitney,74  in  1851,  repeat  the  general  conclusions 
contained  in  their  report  on  the  iron  region,  and  remark  that  the  Azoic 
system  is  characterized  by  such  immense  deposits  of  specular  and 
magnetic  oxide  of  iron  that  it  might  with  propriety  be  denominated 
the  Iron  Age  of  geology,  while  the  Silurian  epoch  with  equal  propriety 
might  be  designated  the  Copper  Age. 

Poster  and  Whitney,75  in  1851,  farther  speak  of  the  age  of  the; 
lake  Superior  sandstone.  The  sandstone  of  the  St.  Marys  river  is 
traced  to  the  south  shore  of  Keweenaw  point  and  is  found  to  increase 
in  thickness  gradually,  until  in  the  vicinity  of  the  trappean  rocks  it 
becomes  of  great  thickness,  accompanied  by  wide  belts  of  conglomer- 
ate. The  conglomerates  of  Keweenaw  point  are  the  result  of  igneous 
rather  than  aqueous  forces,  being  caused  by  friction  and  mechanical 
voleai lie  action  along  the  line  of  fissure.  The  mural  faces  of  the  trag 
pean  ranges  are  almost  without  exception  turned  toward  the  south, 
and  the  sandstone  on  that  side  is  elevated  at  a  high  angle,  sometimes 
dipping  almost  vertical  at  the  junction  of  the  two  formations,  but  in. 
proceeding  southward  becoming  almost  immediately  horizontal.  The 
appearance  is  as  if  the  strata  had  been  broken  and  elevated  just  as  the 
southern  edge  of  the  igneous  mass.  Where  the  sandstones  and  trapsi 
are  iiiterlaminated  it  is  difficult  to  determine  the  junction  when  thei 
sandstone  lies  upon  the  trap,  but  when  below  it  the  line  of  separation 
is  sharp.  As  further  showing  that  the  sandstone  is  Lower  Silurian,  a 
small  deposit  of  Lower  Silurian  limestone  resting  upon  the  sandstone! 
effectually  completes  the  chain  of  evidence. 

Owen,76  in  1851,  mentions  various  metamorphie  slates,  quaitzites,  anw 
other  crystalline  and  trappean  rocks  as  occurring  on  the  south  shore  of 
lake  Superior.  On  the  north  shore,  in  Minnesota,  between  Pond  duS 
Lac  and  the  British  possessions  there  is  a  repetition  in  inverse  order  of 
the  same  formations,  forming  a  synclinal  trough  with  the  red  sandstona 
nearest  the  lake,  while  the  slates,  oonglomerates,  and  associated  trap! 
are  crossed  in  succession  in  proceeding  into  the  interior,  and  these  ai 
followed  by  the  nietamorphic  slates  and  granitic  rocks. 
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Owen,"  in  L852,  discusses  fclie  age  of  the  red  sandstones  of  lake 
Superior.  The  test  of  lithological  character,  if  alone  applied,  is  in  favor 
of  the  view  that  they  are  of  the  same  age  as  the  red  sandstones  of  New 
Jersey  and  Nova  Scotia.  On  the  St.  ('mix  river,  in  Wisconsin,  the 
white  and  buff  quartzqse  sandstones  belonging  to  the  lowest  Protozoic 
formation  are  succeeded  by  red  sandstones  similar  to  those  of  lake  Su- 
perior, and,  like  them,  associated  with  coarse  red  conglomerates  and 
trap.  The  same  phenomena  are  seen  at  other  points  south  of  lake 
Superior.  It  is,  however,  conceivable,  as  a  result  of  the  upthrusl  of 
igneous  rocks,  which  sometimes  break  through  the  lossiliferous 
strata,  entangling  and  partially  indurating  the  fragments  without  alter- 
ing or  tilting  the  adjacent  beds,  that  tilted  red  sandstones  dipping 
to  the  south  really  may  never  rest  conformably  under  the  white  and 
buff  sandstones,  but  merely  abut  against  them  and  not  in  fact  overlie 
them  at  all;  but  the  natural  and  reasonable  inference  is  that  the  white 
bud  buff  sandstones  do  actually  rest  conformably  upon  the  red  sand- 
stones in  question. 

Norwood,79  in  1852,  gives  a  great  number  of  details  as  to  the  geology 
of  middle  and  western  Minnesota  and  the  country  adjacent  to  the 
southwest  shore  of  lake  Superior,  illustrating  the  relations  of  the  shales, 
trap  rocks,  granites,  etc.,  and  showing  the  manner  of  intrusion  of  the 
eruptives  and  the  complicated  folding  to  which  the  strata  have  been 
subjected.  At  the  St.  Louis  and  Black  rivers  the  sandstone  rests 
unconformably  upon  the  underlying  argillaceous  and  siliceous  slates. 

Whittlesey,7"  in  1852,  gives  geological  descriptions  of  part  of  Wis- 
consin south  of  lake  Superior.  Passing  from  the  lake  southerly  four 
great  classes  of  rocks  are  seen  in  eacli  section:  (1)  Sedimentary,  includ- 
ing red  sandstone,  black  slate,  conglomerate.  (2)  Trappose  rocks,  or 
those  of  volcanic  origin,  including  amygdaloid,  greenstone,  augitic, 
hornblendic,  and  feldspathic  rocks,  embracing  syenites  and  granites  oi 
the  same  age.  (3)  Metamorphosed  rocks,  including  hornblende  slnies, 
iron  slates,  black  slates,  talcose  slates,  slaty  quartz.  (4)  Granitic,  includ- 
ing syenite  and  granite.  The  granites  and  syenites  of  the  interior  are 
the  most  ancient  rocks  of  the  district.  After  the  protrusion  of  these 
granitic  masses  many  changes  have  occurred.  The  sandstone  deposits 
of  lake  Superior  must  have  been  subsequent  to  the  granites  of  the 
Wisconsin,  Chippewa,  and  Montreal  rivers;  since  that  period  has 
been  one  of  long  and  intense  igneous  action  in  which  the  trap,  horn- 
blendic, and  greenstone  masses  have  been  ejected,  and  also  with  them 
protrusions  of  recent  granites  and  syenite.  The  metamorphic  slates 
have  been  elevated  during  these  convulsions,  and  the  sedimentary 
cocks  thrust  away  to  the  northward  and  tilted  up  at  high  angles.  The 
old  granites  and  syenites  have  been  rent  with  fluid  matter,  such  as 
quartz  and  hornblende.  The  northern  part  of  (he  Pentfkee  range 
shows  evidence  of  four  formations  of  trappose  rocks,  which  fill  ;i  geolog- 
ical epoch  of  no  great  duration  between  the  area  of  the  red  sandstone 
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deposits  and  the  metamdrphic  uplifts.  There  are  cases  where  the  trap, 
instead  of  being  forced  across  the  stratification,  has  spread  out  between 
the  beds,  forming  alternate  strata  of  trap  and  sandstone  without  any 
visible  conglomerate. 

Shumard,80  in  1852,  mentions  the  quartzite  ranges  of  Sauk  county, 
near  Baraboo.  The  quartzites  are  surmounted  by  sandstone,  and  all 
are  included  in  the  great  sandstone  formation  of  southern  Wisconsin. 

Jackson,81  in  1853,  maintains  that  the  red  and  gray  sandstones  of 
lake  Superior  are  above  the  rocks  of  Devonian  age.  They  rest  horizon- 
tally around  Silurian  limestone,  which  has  an  inclination  on  Sturgeon 
river  near  Keweenaw  point  of  30°.  In  point  of  fact  the  sandstones  of 
lake  Superior  are  the  exact  equivalents  of  those  of  Nova  Scotia,  where 
trap  rocks  of  the  same  age  as  those  of  lake  Superior  pass  through  them. 
The  amygdaloidal  trap  of  Keweenaw  point  and  isle  Koyale  is  a  vesicu- 
lar rock  formed  by  the  interfusion  of  sandstone  and  trap  rock. 

Marcou,82  in  1853,  after  having  made  a  complete  tour  of  lake  Supe 
rior,  places  the  red  sandstone  and  traps  bearing  copper  as  the  new  red 
sandstone,  and  correlates  it  with  the  new  red  sandstones  of  Nova 
Scotia,  New  Brunswick,  Connecticut,  New  Jersey,  Maryland,  and  Vir- 
ginia. 

Whitney,83  in  1854,  states  that  the  basin  of  lake  Superior  is  a  great 
synclinal  trough  caused  by  a  depression  of  the  sandstone,  which  appears 
to  form  its  bed.  The  northern  and  eastern  shores  for  much  of  their  dis- 
tances are  faced  by  perpendicular  cliffs,  while  the  southern  shore  is 
comparatively  low.  The  reason  for  this  difference  is  that  on  the  east 
and  north  the  sandstone  which  originally  existed  there  has  been  worm 
away  and  the  more  enduring  granitic  and  trappean  rocks  only  are  left 
The  age  and  relations  of  the  sandstones  of  lake  Superior  to  the  trap- 
pean rocks  and  Azoic  slates  are  again  described  as  before. 

Schoolcraft,84  in  1855,  states  that  the  granitic  strata  of  the  Thou- 
sand isles  reappear  on  the  north  shore  of  lakes  Huron  and  Superior, 
underlie  the  bed  of  the  latter,  and  are  found  on  the  rough  coast  between- 
Chocolate  river  and  Keweenaw,  and  cross  the  Mississippi  near  the  falffl 
of  St.  Anthony.  The  straits  of  St.  Mary's  appears  to  be  the  ancient 
line  of  junction  between  the  great  calcareous  and  granitic  series  oh 
rocks  on  the  continent.  The  island  of  St.  Joseph  is  chiefly  primitive 
rocks  and  at  its  south  end  is  largely  loaded  with  granitic,  porphyritic  and 
quartzitic  bowlders.  The  north  shore  of  the  river,  opposite  the  island^ 
is  entirely  of  the  granitic  series,  which  continues  to  Gros  cap  on  lakq 
Superior.  The  red  sandrock  of  lake  Superior  is  regarded  as  the  Old 
Red  sandstone.  The  formation  of  red  jasper  in  white  quartz  exists  on 
the  southern  foot  of  Sugar  island.  In  the  granitic  conglomerates  are 
seen  red  feldspathic  granite,  black  shining  hornblende  rock,  white  fatty 
quartz,  and  striped  jasper,  all  held  together  firmly.  Volcanic  action 
appears  to  have  thrown  up  the  trap  rocks  of  the  Pic,  of  the  Porcupine, 
chain,  of  isle  Poyale,  and  the  long  peninsula  of  Keweenaw.     The  sand- 
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stone  of  the  southern  coast  exhibits  undulations  of  8°  or  10°  at  several 
places.  Two  instances  of  this  are  the  point  des  Grands  Sables,  begin- 
ning with  the  horizontal  strata  of  the  Pictured  rocks,  and  the  second  is 
at  Grand  island. 

Whitney,85  in  1850,  describes  the  northeastern  side  of  lake  Superior, 
from  Gros  cap  to  Nipigon  bay,  as  consisting  of  rocks  of  the  Azoic  system. 
On  the  south  shore  of  the  lake,  and  along  the  northwest  shore  as  far  as 
the  northeastern  extremity  of  Nipigon  bay,  are  found  the  shales,  sand- 
stones, conglomerates,  and  trappean  rocks  of  the  Potsdam  system,  ex- 
cept at  Thunder  bay  and  Carp  river,  where  the  Azoic  appears.  The  south 
side  of  the  Azoic  on  the  north  side  of  the  lake  runs  from  Kakabikka 
falls  on  the  Kaministiquia  in  an  almost  straight  line  southwest,  keeping  a 
few  miles  from  the  lake.  Thunder  cape  consists  of  thinly  bedded  slates 
for  800  feet  of  its  thickness,  above  which  is  a  sheet  of  trappean  rock 
200  or  300  feet  thick. 

Whitney,80  in  1850,  maintains  that  the  iron  ores  of  lake  Superior, 
Scandinavia,  Missouri,  and  northern  New  York,  form  a  class  by  them- 
selves belonging  to  the  Azoic  age,  and  they  have  been  poured  out  like 
other  igneous  rocks  from  the  interior  in  a  molten  or  plastic  state. 
Besides  the  purest  ores  are  others  interlaminated  with  bands  of  quartz 
which  are  distinctly  bedded  and  probably  are  of  sedimentary  origin. 
Tbe  iron  ore  injbhese  may  have  been  introduced  either  by  sublimation 
during  the  deposition  of  the  siliceous  particles,  or  by  precipitation  from 
a  ferriferous  solution  at  the  time  of  formation  of  the  stratified  rocks. 

Whitney,87  in  1857,  again  maintains  the  Potsdam  age  of  the  sand- 
stones of  the  Cupriferous  series.  Underlying  this  series  un  conform- 
ably on  the  south  shore  is  the  Azoic  series,  which  is  identical  in  char- 
acter with  the  rocks  of  Thunder  and  Black  bays.  The  rocks  on  the 
north  shore  of  lake  Huron  and  in  the  north  and  east  of  Canada  are 
dentical  in  position  and  lithological  character  with  the  Azoic  system. 
Jackson,88  in  1800,  again  asserts  that  the  red  sandstones  of  Kewee- 
law  point  are  certainly  coeval  with  the  sandstone  of  Nova  Scotia, 
Jonnecticut  river,  and  New  Jersey,  as  proved  by  identity  of  composi- 
tion, mode  of  disruption,  character  of  associated  minerals,  and  above 
ill,  by  the  fact  that  they  rest  upon  Devonian  limestones.  Orthocerati It- 
it  Copper  Falls  mine  and  Pentamerus  in  the  underlying  limestone  of 
tfurgeon  river  show  that  the  sandstones  are  not  Potsdam.   This  is  also 

thown  by  the  occurrence  of  pitchstone  porphyry  upon  isle  Royale  such 
s  are  found  in  the  isle  of  Arran  of  Triassic  or  Devonian  age.  The 
author  is  not  disposed  to  place  the  sandstones  of  the  Pictured  rocks  in 
he  same  formation  with  Keweenaw  point  and  isle  Royale. 

Eogers,89  in  1860,  maintains  that  the  argillaceous  shales  and  con- 
lomerates  of  a  part  of  the  southern  shore  of  lake  Superior  are  the 
quivalent  of  the  Primal  series.     The  Cupriferous  series  is  in  direct 

I~  ssociation  with  the  Potsdam,  and  therefore  the  argument  for  Triassic 
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Williams  and  Blandy,90  in  1862,  describe  the  trap  ranges  of  Port- 
age lake  as  being  about  3  miles  wide  and  consisting  of  amygdaloidal 
trap,  occasionally  intercalated  with  sandstones  and  conglomerates. 
The  dips  vary  from  60°  to  75°,  becoming  nearer  horizontal  toward  the 
northwest,  until  finally  the  sandstone  which  succeeds  it  becomes  ab- 
solutely so. 

Kimball,91  in  1805,  divides  the  rocks  of  the  Marquette  region  into 
two  formations,  Laurentian  and  Huronian;  the  former  including  the 
granite  ridges,  while  the  latter  nearly  agrees  with  Foster  and  Whitney's 
limits  for  the  Azoic.  The  crystalline  rocks  south  of  Keweenaw  point 
are  pre-Paleozoic,  while  the  greenstones  of  that  point  are  intercalated 
conformably  with  the  Paleozoic.  The  specular  iron  ore  and  beds  of 
specular  conglomerate  are  heavy  bedded  strata  and  schists  in  which 
none  of  the  phenomena  of  aqueous  deposits  are  wanting.  They  exhibit 
not  only  stratification,  but  anticlinal  and  synclinal  folds.  From  a 
stratigraphical  point  of  view  the  Huronian  greenstones,  schists,  and 
iron  ores  of  Marquette  exhibit  characters  which  render  quite  untenable 
the  theory  of  the  exotic  character  of  any  portion  of  them. 

AdASSiz,92  in  1867,  finds  at  two  ravines  near  Torch  lake — one  the 
Douglass  Houghton — that  the  sandstone  rests  uneonformably  upon 
the  trap.  The  trap  dips  N.  42°,  while  the  sandstone,  100  feet  distant, 
lies  nearly  horizontal,  with -no  trace  of  an  anticlinal  axis  between. 

The  sandstone  contains  wal  er-worn  fragments  of  the  trap.  The  sand- 
stone north  of  the  range  is  conformable  with  the  trap,  but  the  sandstone 
south  is  plainly  of  a  different  age. 

Whittlesey,93  in  1876,  finds  nowhere  on  the  American  side  of  the 
boundary,  except  at  Vermilion  lake,  rocks  which  are  like  the  Laurentian 
of  Canada.  The  great  masses  of  granite  and  syenite  around  which  the: 
Huronian  is  formed  do  not  resemble  the  Laurentian  of  the  Canadian- 
geologists.  Between  the  Canadian  and  American  Huronian  there  is  aj 
very  close  resemblance.  The  conclusion  of  Foster  and  Whitney  that  the 
traps  of  lake  Superior  are  of  Potsdam  age  is  adopted.  The  Bohemian 
range  resembles  more  nearly  the  HurOnian  than  it  does  the  trap  series. 
In  this  range  are  bands  of  friction  conglomerates  with  the  evidences  ofj 
metamorphic  sandstone  passing  into  jasper,  vesicular  trap,  and  brec- 
cia. A  friction  conglomerate  also  occurs  at  Aminicon,  Douglas  county 
Wisconsin. 

Wadsworttt,94  in  1880,  gives  notes  on  the  geology  of  the  iron  and 
copper  districts  of  lake  Superior.  The  contacts  of  the  jasper  and  ore,; 
which  are  interlaminated  and  have  a  common  origin  with  the  asso 
ciated  schists,  are  described,  and  at  numerous  points  the  contacts  are 
found  to  be  those  of  eruptive  and  sedimentary.  The  schistose  struct 
ure  is  regular,  while  the  jasper  and  ore  is  exceedingly  contorted,  breaks 
across  the  schistose  and  other  rocks,  and  contains  fragments  of  th 
schists.  Not  the  slightest  sign  of  plasticity  or  intrusion  of  the  schist) 
relative  to  the  ore  and  jasper  was  seen.     The  present  lamination  of  the 
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schists  existed  prior  to  the  intrusion  of  the  ore.  At  the  School-house, 
New  York,  and  Jackson  mines  the  overlying  rock  contains  debris  of 
the  underlying-  ore  and  jasper.  The  diorices,  felsites,  and  diabases  are 
intrusive  rocks.  The  soft  hematites  diifer  only  from  the  hard  ore  and 
jasper  in  that  they  have  been  leached  by  thermal  waters  and  changed 
to  their  soft  condition.  The  granite  is  found  at  numerous  points  to  cut 
the  schists  and  gneisses.  At  several  places,  also,  it  cuts  a  quartzite, 
one  of  which  resembles  the  ordinary  Huronian  quartzite.  The  crystal- 
line rocks  of  Presque  isle  are  peridotite  and  serpentine  which  has  re- 
sulted from  the  alteration  of  the  peridotite. 

The  only  evidence  that  the  Huronian  unconformably  overlies  the 
Laurentian  is  the  fact  that  the  foliation  of  the  latter  does  not  conform 
in  its  dip  to  that  of  the  former.  However,  no  point  was  found  in  Avhich 
it  was  possible  to  trace  the  rock  continuously  from  well  marked  and 
mapped  Laurentian  into  the  Huronian.  The  general  structure  of  the, 
iron  region  seems  to  be  as  follows:  The  schists  and  sandstones  were 
laid  down  in  the  usual  way ;  were  then  disturbed  by  the  eruption  of  the 
jasper  and  ore.  Much  of  the  original  rock  still  remained  horizontal, 
and  new  sedimentary  deposits  continued  to  be  formed  out  of  the  jasper 
and  other  rocks.  Next  came  the  eruption  of  the  diorite,  which  com- 
pleted most  of  the  local  folding  and  tilting  of  the  strata.  Finally  the 
granite  eruption  took  place  on  both  sides  of  the  Huronian,  uplifting  and 
contorting  the  strata  near  it,  and  perhaps  laterally  compressing  the 
inclosed  iron-bearing  rocks. 

The  conclusion  reached  by  Foster,  Whitney,  and  Marvine  that  the 
traps  and  lava  flows  and  were  successively  laid  down  one  upon  the 
other,  are  covered  by  sandstones  and  conglomerates,  is  agreed  with. 
The  sandstones  and  conglomerates -when  overlain  by  traps  are  usually 
baked  and  indurated.  At  the  Douglass  Houghton  ravine  and  Hun- 
garian river  the  eastern  sandstone,  which  has  been  maintained  to  rest 
against  the  trap  and  sandstone  series  unconformably,  is  found  inter- 
laminated  with  the  melaphyres,  and  therefore  settles  the  long-disputed 
question  of  the  relative  age  of  the  traps  and  Eastern  sandstone  of  lake 
Superior.  The  last  melaphy  re  sheet  wl  1  ich  underlies  th  e  sand  stone  has 
a dip  to  the north  west  of  20°.  A3  the  Douglass  Houghton  ravine  is 
followed  downward  the  dip  gradually  declines  in  steepness,  although 
still  to  the  northwest,  the  last  dip  measured  being  5°.  The  junction 
between  the  Eastern  sandstone  and  the  trap,  described  by  Agassiz  and 
Fumpelly,  is  not  the  junction  at  all,  it  being  some  distance  below  in- 
stead of  at  the  falls.  In  the  Torch  lake  sandstone  quarry  t  he  sandstone 
layers,  instead  of  being  horizontal  as  they  have  been  regarded,  have  a 
dip  of  15°,  the  former  supposed  bedding  being  due  to  joints.  As  the 
Eastern  sandstone  conformably  underlies  the  traps,  the  Eastern  and 
Western  sandstones  and  the  traps  lying  between  them  are  of  the  same 
geological  age. 
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Wadsworth,  95  in  1884,  as  a  result  of  an  examination  of  a  supposed 
fossil  from  the  copper-bearing  rocks  of  lake  Superior,  described  by  Hall 
as  being  very  like  the  Huronia  or  siphuncles  of  Orthoceratites,  rinds  it 
to  be  of  inorganic  origin,  having  probably  been  formed  by  the  flowing 
of  a  pasty  lava  in  such  a  manner  as  to  raise  a  series  of  ridges,  giving  an 
appearance  closely  like  that  of  some  cephalapods.  The  interior  of  the 
specimen  is  in  all  respects  that  of  an  ordinary  volcanic  rock. 

SECTION  III.  WORK  OF  THE  MICHIGAN   GEOLOGISTS  AND  ASSOCIATES. 

Houghton,90  in  1840,  divides  the  rocks  in  the  south  and  southeastern 
part  of  the  Upper  Peninsula  into  primary  and  sedimentary.  The 
primary  region  stretches  continuously  in  a  northwestward  direction  for 
many  hundreds  of  miles,  skirting  portions  of  the  shores  of  lake  Supe- 
rior, and  constituting  the  highlands  between  that  lake  and  the  lake  of 
the  Woods.  From  these  highlands  it  stretches  a  little  east  of  lake 
Winnipeg,  far  to  the  northwest,  finally  constituting  the  immense  "  bar- 
ren grounds"  of  the  British  Possessions.  The  rocks  of  St.  Marys  river 
and  adjacent  region  comprise  greenstone,  argillite,  and  granular  quartz 
rock,  which  passes  into  an  almost  conglomeratic  quartz  rock.  In  this 
occur  small  quantities  of  hematitic  iron  ore.  The  sedimentary  rocks 
include  the  lake  Superior  sandstone  and  lime  rock  and  shales.  The 
lake  Superior  sandstone  is  nearly  continuous  on  the  southern  shore  of 
lake  Superior,  and  in  its  easterly  prolongation  rests  against  and  upon 
the  primary  range  of  St.  Marys  river,  where  it  passes  conformably 
below  the  limestone  above.  The  lake  Superior  sandstone,  in  its  east- 
erly prolongation,  does  not  attain  a  very  great  thickness,  but  in  pro- 
ceeding westerly  this  thickness  is  vastly  increased,  attaining  on  the 
south  shore  of  lake  Superior  to  several  hundred  feet.  A  careful  search 
for  fossils  in  this  sandstone  has  failed  to  reveal  a  single  one. 

Houghton,97  in  1841,  divides  the  older  rocks  of  the  upper  peninsula 
of  Michigan  into  (1)  Primary,  (2)  Trap,  (3)  Metamorphic,  (4)  Con- 
glomerate, (5)  Mixed  conglomerate  and  sandstone,  (G)  Lower  or  red 
sandstones  and  shales,  (7)  Upper  or  gray  sandstone,  The  Primary 
rocks  are  in  a  broad  sense  granite.  The  granitic  rocks  are  largely 
traversed  by  greenstone  dikes.  The  trap  rocks  of  the  district  in  a 
chronological  order  would  follow  the  metamorphic  slates  and  quartz 
rocks, %ut  the  granitic  rocks  pass  by  almost  insensible  gradation  into 
the  greenstones  of  the  trap  formation. 

The  sedimentary  rocks  on  the  south  and  southeast  of  the  main  trap 
range  are  scarcely  disturbed,  while  those  on  the  north  and  northwest- 
erly sides  are  invariably  tilted  to  a  high  angle  near  the  range  of  hills. 
The  sedimentary  rocks  on  the  north  are  traversed  by  frequent  dikes, 
varying  in  thickness  from  50  to  400  or  500  feet.  The  rocks  on  this  : 
northwestern  escarpment  were  in  an  intense  state  of  ignition  while  in 
contact  with  the  sedimentary  rocks,  as  shown  by  the  great  changes 
which  these  rocks  have  undergone.    The  author  is  disposed  to  regard 
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the  amygdaloid  as  due  to  the  fusion  of  the  lower  portions  of  the  sedi- 
mentary rocks. 

At  Presque  isle  is  a  little  isolated  knob  of  trap  which  has  been  up- 
lifted, as  is  shown  by  the  way  in  which  the  stratification  of  the  adjacent 
sedimentary  rocks  has  been  disturbed.  They  invariably  dip  at  a  high 
angle  in  all  directions  from  the  trap.  At  the  immediate  line  of  junction 
the  character  of  both  rocks  is  lost,  and  the  sedimentary  rocks  for  a 
distance  of  several  hundred  feet  have  been  shattered  while  retaining 
their  original  position,  and  were  again  cemented  by  an  injection  of  cal- 
careous matter. 

The  area  of  country  occupied  by  the  metamorphic  group  is  less  than 
by  the  Primary  or  Trap.  The  group  is  made  up  of  an  alternating  series 
of  talcose  and  mica-slates,  graduating  into  clay-slates,  with  quartz  and 
serpentine  rocks,  the  quartz  rocks  being  by  far  the  most  abundant. 
The  metamorphic  rocks  are  occasionally  traversed  by  trap  dikes. 

The  conglomerate  rock,  the  lowest  of  the  sedimentary  rocks,  is  inva- 
riably connected  with  or  rests  upon  the  trap  rock.  It  is  very  variable 
in  thickness  and  is  without  doubt  a  trap  tuff  which  has  accumulated  or 
deposited  around  the  conical  knobs  of  trap  during  their  gradual  eleva- 
tion. The  pebbles  of  the  rock  consist  of  rounded  masses  of  greenstone 
and  amygdaloid.  They  are  usually  firmly  cemented  by  calcareous  and 
argillaceous  material.  Eesting  conformably  upon  the  conglomerate  is 
a  mixed  conglomerate  and  sandrock.  This  mixed  rock  occurs  upon 
isle  Eoyale  and  was  seen  to  be  very  widespread  upon  the  south  shore. 
The  conglomeratic  part  of  the  mixed  rock  has  the  same  character  as  the 
conglomerate  rock.  Dikes  of  greenstone  are  found  in  this  mixed  rock, 
but  less  frequently  than  in  the  rock  below.  The  red  sandstone  is  the 
chief  rock  that  appears  upon  the  immediate  coast  of  the  south  shore  of 
lake  Superior.  The  primary,  metamorphic,  and  trap  rocks  are  almost 
invariably  surrounded  or  flanked  at  their  bases  by  this  sandrock.  The 
material  of  this  sandrock  differs  widely  from  the  conglomerate  rocks, 
for  these  are  made  up  of  materials  clearly  of  trappean  origin  and  very 
rarely  of  quartz-  while  the  red  sandstone  is  composed  of  materials  de- 
rived from  the  granitic  and  metamorphic  rocks,  in  which  quartz  occurs 
abundantly.  The  red  sandrock  is  less  frequently  traversed  by  dikes 
than  the  rocks  before  described,  although  they  are  sometimes  noticed 
traversing  the  whole  of  the  several  rock  formations,  including  the  red 
sandstone.  The  upper  or  gray  sandrock  conforms  to  the  limestone 
above  it,  and  rests  conformably  upon  the  uptilted  edges  of  the  red  sand 
rock  below. 

Winchell  (Alexander),98  in  1861,  gives  a  general  sketch  of  the 
geology  of  Michigan.  Among  the  stratified  rocks  are  placed  the  Azoic, 
while  the  unstratified  rocks  are  divided  into  Volcanic,  incln  din  g  lava,  trap, 
etc.,  and  Plutonic,  including  granite,  syenite,  etc.  The  Azoic  rocks  arc 
of  immense  thickness  and  are  interposed  between  the  crystalline,  plutonic, 
and  volcanic  rocks  and  the  lake  Superior  sandstone.    The  rocks  in 
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this  system  in  Michigan  consist  of  talcose,  chloritic,  and  siliceous  slates, 
quartz,  and  beds  of  marble.  In  it  are  found  the  specular  and  magnetic 
ores  of  lake  Superior.  The  Lake  Superior  sandstone  is  placed  in  the 
lower  Silurian  system.  The  solid  quartzose  character  of  the  rock  of 
St.  Joseph's  and  Sulphur  islands  suggests  the  idea  of  its  being  Azoic; 
but  the  gradual  transition  from  the  unaltered  sandstone  of  the  Sault 
to  the  altered  sandstone  of  Neebish  rapids  and  jasper  conglomerates  of 
the  western  shore  of  Oampement  d'Ours,  favors  the  idea  of  the  equiva- 
lency of  the  sandstone  and  quartzite,  as  it  is  also  the  fact  that  the  i'os- 
siliferous  Chazy  limestone  is  found  directly  upon  the  quartzite  at  Sul- 
phur island. 

Credner,"  in  1869,  describes  in  the  upper  peninsula  of  Michigan  the 
Laurentian  and  Huronian  systems.  The  Laurentian  system  is  the 
gneiss-granite  formation,  which  includes  many  varieties  of  massive 
rocks,  as  well  as  hornblende,  chlorite,  and  other  schists,  and  also  thin 
layers  of  dolomitic  limestones. 

The  Hnronian  system  is  the  iron-bearing  formation.  The  general 
succession,  beginning  at  the  base,  is  quartzite,  in  its  upper  parts  often 
iron  stained,  2,500  feet;  crystalline  dolomitic  limestone,  containing 
argillite,  chlorite-sehist,  and  layers  of  quartz,  seldom  conglomeratic, 
2,500  to  3,500  feet;  more  or  less  siliceous  hematite,  000  to  1,000  feet; 
ferruginous  chlorite-sehist,  1,200  feet;  dark  clay-slate,  with  beds  of  hard 
quartzite,  8,500  feet;  chlorites-chist,  with  beds  of  diorite,  1,300  feet; 
talc  schist,  ivith  various  impurities,  100  feet;  aphanitic  to  granular  di- 
orite, 2,300  feet;  talc-schist,  with  various  impurities,  1,500  feet. 

In  the  iron  group  is  a  granite  dike  on  the  Sturgeon  river  12  feet  wide, 
which  breaks  through  the  iron  ore  and  jasper  at  a  right  angle  to  the 
schist.  Over  the  iron  formation,  at  the  Miehigamme  mine,  is  found  a 
conglomerate  of  jasper  and  fragments  of  quartz  in  an  iron  and  quartz 
base,  There  is  a  discordance  between  the  Laurentian  and  Huronian. 
The  Potsdam  sandstone  rests  upon  the  Huronian  and  Laurentian  un- 
coil form  ably. 

Brooks  and  Pumpelly,100  in  1872,  maintain  that  the  copper-bearing 
rocks  of  lake  Superior  are  unconformably  below  the  Lower  Silurian 
sandstone,  This  is  shown  by  the  fact  that  the  horizontal  strata  abut 
against  the  steep  faces  of  the  cupriferous  series  on  Keweenaw  point, 
the  latter  dipping  away  from  the  sandstone  at  an  angle  of  from  G0°  to 
40°.  Also  for  a  long  distance  between  the  Montreal  river  and  lake 
Gogebic  the  cupriferous  series  conform  in  strike  and  dip  to  the  linro- 
nian  schists,  dipping  steeply  to  the  north  at  an  angle  of  from  50°  to  70°, 
while  the  Silurian  sandstone  to  the  north,  in  a  flat- lying  condition,  cov- 
ers an  extensive  country.  In  Sec.  13,  T.  40  1ST.,  E.  41  W.,  the  Silurian 
sandstone  is  found  in  a  nearly  horizontal  position,  while  4  miles  distant 
the  cupriferous  series  dip  to  the  north  at  an  angle  of  50°. 

It  is  concluded  that  the  cupriferous  series  was  formed  before  the  tilt- 
ing of  the  Huronian  beds  upon  which  it  rests  conformably,  and  conse- 
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quently  before  the  elevation  of  the  great  Azoic  area.  After  tlte  el<\  a- 
tion  of  these  rocks,  and  after  they  had  assumed  their  essential  litholog- 
ical  characters,  came  the  deposition  of  the  lake  Superior  sandstone  and 
its  accompanying  shales  as  a  product  of  the  erosion  of  the  older  rocks, 
and  containing  fossils  which  show  them  to  belong  to  the  Lower  Silurian. 
At  several  places  have  been  detected  a  lack  of  conformity  between  the 
Laureiitian  and  Huronian  in  the  upper  peninsula  of  Michigan,  but  when 
the  Huronian  and  Cupriferous  are  seen  in  contact  there  seems  to  be  a 
well  marked  concordance  between  them. 

Brooks,101  in  1873,  divides  the  rocks  of  the  upper  peninsula  in  de- 
scending order  into  Lower  Silurian, Copper-bearing  rocks,  Iron-bearing 
rocks,  and  Granitic  rocks,  and  gives  a  systematic  account  of  the  last 
two,  and  especially  of  the  economic  geology  of  the  iron-bearing  series. 
The  copper- bearing  rocks  correspond  with  the  Upper  Copper-bearing 
rocks  of  the  Canadian  geologists  and  occupy  a  narrow  belt  on  the  north- 
western edge  of  the  upper  peninsula.  This  series  includes  sandstones, 
which  are  nearly  or  quite  identical  with  the  Silurian  in  appearance,  but 
their  great  mass  is  made  up  of  different  varieties  of  trap,  often  amyg- 
daloidal,  interstratined  with  beds  of  peculiar  conglomerates.  The  lay- 
ers of  these  rocks  are  inclined,  dipping  northwest  and  north  toward 
lake  Superior,  from  vertical  to  as  low  as  23°  on  Keweenaw  point.  The 
iron  bearing  rocks  are  assumed  to  correspond  with  the  Huronian  system 
of  Canada.  They  may  have  ;i  thickness  of  5,000  feet  and  consist  of  a 
series  of  extensively  folded  beds  of  diorite,  quartzite,  chlorite- schists, 
clay-slate,  mica-slate,  and  graphitic  shales,  among  which  are  interca- 
lated extensive  beds  of  several  varieties  of  iron  ore.  The  most  abun- 
dant rock  is  greenstone  or  diorite,  in  which  the  bedding  is  usually  ob- 
scure, but  the  intercalated  schists  and  slates  usually  bear  strong  marks 
of  stratification.  The  dips  are  usually  at  a  high  angle  and  are  more 
apt  to  be  north  or  south  than  any  other  direction.  The  granitic  rocks 
are  believed  to  be  the  equivalents  of  the  Laurentian  of  Canada.  In 
these  the  bedding  indications  are  still  more  obscure  and  often  entirely 
wanting.  Also,  if  possible,  there  is  more  irregularity  in  strike  and  dip 
than  in  the  Huronian. 

A  full  lithological  description  of  tin'  different  phases  of  rocks  found 
in  the  Huronian  system,  and  the  various  sections  at  the  many  mines  in 
the  upper  peninsula  are  given  in  detail. 

The  formations  of  the  Huronian  system  in  the  Marquette  region  com- 
prise nineteen  members,  numbered  from  the  base  upward.  I,  11,  11 1,  and 
IV  are  composed  of  beds  of  siliceous  ferruginous  schist^  alternating^  ith 
cfeloritic  schists  and  diorites,  the  relations  of  which  have  not  been  fully 
made  out;  V  is  a  quartzite,  sometimes  containing  marble  and  beds  of 
argillite  and  novaculite;  VI,  VIII,  and  X  are  siliceous  ferruginous 
schists;  VII,  IX,  and  XI  are  dioritic  rocks,  varying  much  in  character; 
XIII  is  the  bed  which  contains  all  the  rich  specular  and  magnetic  ore, 
associated  with  mixed  ore  and  ma gnesian  schist;  XIV   is  a  quart/.ite, 
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often  conglomeratic j  XY  is  argillite  or  clay  slate;  XVI  is  uncertain, 
it  contains  some  soft  hematite;  XVII  is  anthophyllitic  schist,  contain- 
ing iron  and  manganese;  XVIII  is  doubtful;  XIX  is  mica-schist,  con- 
taining staurolite,  andalusite,  and  garnets.  The  total  thickness  of  the 
whole  Marquette  series  maj^have  an  aggregate  of  5,000  feet. 

The  beds  appear  to  be  metamorphosed  sedimentary  strata,  having 
many  folds  or  corrugations,  thereby  forming  in  the  Marquette  region 
an  irregular  trough  or  basin,  which,  commencing  on  the  shore  of  lake 
Superior,  extends  west  more  than  40  miles.  The  upturned  edges  of 
these  rocks  are  quite  irregular  in  their  trend  and  present  numerous  out- 
crops. While  some  of  the  beds  present  lithological  characters  so  con- 
stant that  they  can  be  identified  wherever  seen,  others  undergo  great 
changes.  Marble  passes  into  quartzite,  which  in  turn  graduates  into 
novaculite. 

Xear  the  junction  of  the  Huronian  and  Laurentian  systems,  in  the 
Marquette  region,  are  several  varieties  of  gneissic  rocks,  composed  in 
the  main  of  crystalline  feldspar,  with  glassy  quartz  and  much  chlorite. 
Intersecting  these  are  beds  of  hornblendic  schist,  argillite,  and  some- 
times chloritic  schist.  These  rocks  are  entirely  beneath  all  of  the  iron 
beds,  seem  to  contain  no  useful  mineral  or  ores,  and  are  of  uncertain 
age.    Xo  attempt  is  here  made  to  describe  or  classify  them. 

The  diorites,  dioritic  schists'and  related  rocks  range  in  structure  from 
very  fine  grained  or  compact  (almost  aphanite)  to  coarsely  granular 
and  crystalline,  being  sometimes  porphyritic  in  character.  The  rock 
passes  on  the  one  hand  into  a  hornblende  rock,  and  on  the  other  into  a 
rock  resembling  a  diorite.  It  is  eminently  schistose  in  character,  split- 
ting easily,  and  appearing  more  like  chloritic  schist  than  any  other 
rock.  At  several  points  dioritic  schists,  semi-amygdaloidal  in  char- 
acter, were  observed,  and  in  one  instance  the  rock  had  a  strong  resem- 
blance to  a  conglomerate.  The  bedding  of  the  rocks  is  generally  obscure 
and  sometimes  entirely  wanting.  It  is  only  by  a  full  study  of  the  rock 
in  mass  and  its  relations  to  the  adjacent  beds  that  one  becomes  con- 
vinced, whatever  its  origin,  that  it  presents  in  mass  precisely  the  same 
phenomenon  as  regards  stratification  as  do  the  accompanying  schists 
and  quartzites.  Chloritic  magnesian  schists  are  associated  with  the 
pure  and  mixed  ores.  Oftentimes  these  magnesian  schists  several  feet 
in  width  cut  across  the  stratification  and  are  called  slate  dikes.  It  is  dif- 
ficult or  impossible  to  draw^  the  line  between  these  magnesian  schists 
and  the  dioritic  schists.  It  is  suggested  that  on  the  New  England-Sag- 
inaw range  and  at  the  lake  Superior  mine,  tepid  alkaline  waters  have 
penetrated  the  formation  and  have  dissolved  out  the  greater  portion  of 
the  siliceous  matter,  leaving  the  iron  oxide  in  a  hydrated  earthy  condition, 
At  the  S.  C.  Smith  mine  and  along  Plumbago  brook  is  found  carbon- 
aceous matter.  These  carbonaceous  shales  burn  white  before  the  blow- 
pipe and  mark  paper  like  a  piece  of  charcoal. 
Above  the  Cascade  ore  is  a  bed  of  coarse  conglomerate.     The  upper 
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quartzite  of  Eepublic  mountain,  near  its  base,  is  a  conglomerate  con 
taining  large  and  small  fragments  of  flaggy  ore.    At  the  New  England 
mine  between  the  ore  and  the  quartzite  is  a  mass  of  specular  conglom- 
erate similar  to  that  at  Eepublic  mountain. 

The  iron-bearing  series  is  unconformably  above  the  older  Laurentian 
rocks.  The  contact  is  observed  in  Plumbago  brook,  where  a  talcy  red 
rock,  unmistakably  belonging  to  the  Huronian,  dipping  at  a  low  angle 
to  the  northwest,  is  in  contact  with  the  Laurentian  chloritic  gneiss 
which  dips  at  an  angle  of  about  35°  SSW.  The  same  phenomena  can 
be  seen  near  Eepublic  mountain,  where  the  Huronian  schists  strike 
nearly  at  right  angles  to  the  Laurentian  gneiss  only  50  feet  distant; 
both  series  dipping  at  high  angles,  the  Laurentian  east  of  north,  and 
the  Huronian  about  45  degrees  west  of  north.  The  non-conformability 
is  further  shown  by  the  fact  that  the  Laurentian  generally  abounds  in 
dikes  of  granite  and  diorite,  which  are  almost  entirely  absent  from  the 
Huronian. 

Many  details  are  given  as  to  the  Menominee  and  Felch  Mountain 
districts.  The  rocks  of  these  ranges  are  parallel  with  those  in  the 
Marquette  district.  At  many  places  the  Silurian  rocks  unconformably 
cap  the  iron-bearing  rocks. 

The  lake  Gogebic  and  Montreal  river  iron  range  is  regarded  as  an 
eastern  prolongation  of  the  Penokee  range  of  Wisconsin.  The  northern 
geological  boundary  is  the  south  copper  range,  consisting  cf  massive 
and  amygdaloidal  copper-bearing  traps,  the  bedding  of  which  is  exceed- 
ingly obscure,  with  occasional  beds  of  sandstone  and  imperfect  con- 
glomerates. The  strike  of  these  rocks  is  east  and  west,  with  a  dip  to 
the  north  at  a  high  angle,  thus  conforming  with  the  Huronian  rocks 
underneath.  On  the  south  of  the  iron-bearing  rocks  is  a  series  of 
granites,  gneisses,  and  obscure  schists,  which  are  unmistakably  Lau- 
rentian in  their  lithological  character,  and  they  are  unconformably 
overlain  by  the  Huronian  rocks.  The  horizontal  Lower  Silurian  sand- 
stones occupy  a  broad  belt  of  country  north  of  the  copper  range.  Their 
actual  contact  with  the  highly  tilted  copper  rocks  was  not  seen,  but 
they  show  not  the  slightest  evidence  of  disturbance  within  a  few  miles 
of  these  steeply  inclined  rocks,  and  are  regarded  as  unconformably  above 
them. 

Pumpelly,102  in  1873,  gives  a  systematic  account  of  the  copper- 
bearing  rocks.  These  on  Keweenaw  point  consist  of  an  immense  devel- 
opment of  alternating  trappean  rocks  and  conglomerates  dipping  to  the 
northwest  at  an  angle  running  from  60°  to  23°.  The  red  sandstone  and 
shales  of  lake  Superior  are  everywhere  nearly  horizontal  on  the  south 
shore  of  lake  Superior  between  the  Sault  Ste.  Marie  and  Bete  <  I  rise  bay. 
At  the  western  edgeof  this  belt  its  nearly  horizontal  strata  abut  against 
the  steep  face  of  a  wall  formed  by  the  upturned  edges  of  beds  of  1 1n1 
cupriferous  series  of  melaphyre  and  conglomerate,  which  dip  away  from 
the  sandstone  at  angles  of  from  40°  to  00°.     This  sharp  line  has  been 
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explained  as  due  to  a  fault,  the  horizontal  sandstone  being-  regarded  as 
of  the  same  age  as  the  conformable  overlying  sandstone  of  the  cuprif- 
erous series.  One  objection  to  this  explanation  is  the  enormous  amount 
of  dislocation  required,  amounting  to  several  miles.  Again,  near  Hough- 
ton there  are  two  patches  of  sandstone  lying  on  the  upturned  melaphyre 
beds.  In  the  horizontal  sandstone  near  the  so-called  fault  are  abundant 
pebbles  of  melaphyre  and  conglomerate  of  the  cupriferous  series.  But 
the  most  decided  facts  found  by  Maj.  Brooks  and  the  author  are  in  the 
country  between  the  Bad  river  in  Wisconsin  and  the  middle  branch  of 
the  Ontonagon,  east  of  lake  Gogebic.  Here  the  quartzites  and  schists 
of  the  Huronian  formation  are  bordered  on  the  south  by  the  Laurentian 
gneisses,  and  are  overlain  conformably  by  the  bedded  inelaphyres  and 
inter  stratified  sandstones  of  the  cupriferous  series.  Between  these 
ridges  forming  the  south  mineral  range  and  the  main  range  of  Kewee- 
naw point  is  the  horizontally  stratified  Silurian  sandstone,  forming 
a  generally  level  country.  The  conformable  cupriferous  and  Huron- 
ian schists  dip  to  the  northward  at  angles  from  50°  to  70°,  but  in  ap- 
proaching Gogebic  lake  from  the  west  the  pre-Silurian  erosion  has  made 
a  deep  indentation  across  the  cupriferous  series  and  the  Huronian,  as 
well  as  into  the  Laurentian,  so  that  a  short  distance  west  of  the  lake 
these  rocks  end  in  steep  and  high  declivities,  at  the  base  of  which 
lies  the  level  country  of  the  Silurian  sandstone.  On  the  Ontonagon 
river  the  Silurian  sandstone  is  nearly  horizontal,  while  about  150  steps 
from  the  base  of  the  cliff  are  outcrops  of  Laurentian  schists  having  a 
dip  of  45°  to  (>f)°  southeast.  The  nearest  outcrop  of  the  cupriferous 
series  is  about  4  miles  distant,  and  it  strikes  nearly  east  and  west  and 
dips  50°  to  the  north.  The  lithology  of  the  copper-bearing  rocks  of  the 
Portage  lake  district  is  fully  given.  The  rocks  are  melaphyres  and 
amygdaloids,  interstratihed  with  conglomerates.  -The  paragenesis  of 
the  minerals  associated  with  the  copper  is  worked  out.  Several 
detailed  cross  sections  are  given  at  Portage  lake,  and  one  cross  section 
at  the  Central  mine  describing  the  thickness  and  character  of  the 
alternating  rocks  in  great  detail. 

Marvtne,103  in  1873,  gives  in  the  greatest  detail  the  structure  and 
lithology  of  the  alternating  trappean  and  detfital  beds  of  the  copper- 
bearing  rocks  on  the  Eagle  river  section.  The  correlation  of  the  Hough- 
ton and  Keweenaw  rocks  is  fully  discussed.  The  Albany,  Boston,  and 
Allouez  conglomerates  are  regarded  as  the  samebed.  Stratigraphically 
eleven  out  of  fifteen  conglomerates  have  equivalents  in  both  the  Hough- 
ton and  Keweenaw  regions.  The  conglomerate  beds  of  Keweenaw 
point  are  not  mere  local  deposits,  but  are  unusually  persistent,  and 
while  a  bed  may  thin  out  and  lose  its  character  as  a  conglomerate,  it 
may  still  exist  as  a  mere  seam.  In  one  instance  a  band  extends  for 
at  least  50  miles,  varying  in  thickness  from  a  few  to  over  75  feet.  It 
is  therefore  concluded  that  the  changes  which  formed  the  melaphyres 
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ceased  toact  over  extended  areas  during  the  time  of  the  formation  of 
the  sandstones  and  conglomerates.   The  abundance  of  acid  rocksamong 
the  conglomerates  was  noted,  and  opposite  Calumet  the  former  pres 
ence  of  predominant  quartz  -porphyry  was  inferred. 

Rominger,104  in  1873,  places  the  lake  Superior  sandstone  as  Potsdam, 
finding  it  directly  overlapped  by  the  calciferous  formation.  At  Presque 
isle  and  Granite  point  the  horizontal  sandstones  arc  found  resting 
upon  the  crystalline  rocks,  there  being  at  the  former  place  a  conglom- 
erate which  rests  unconformably  upon  the  dolomite  of  Presque  isle. 
The  sandstones  on  the  eastern  shore  of  Keweenaw  point  retain  their 
horizontal  position  and  lithological  character  to  such  a  degree  that  the 
different  strata  can  be  parallelized  without  difficulty  with  those  of  the 
more  eastern  localities.  Near  the  center  the  horizontal  sandstones  are 
found  abutting  against  the  uplifted  edges  of  a  different  rock  series,  the 
copper-bearing  rocks.  The  abrupt  edges  of  the  strata  look  to  the  south- 
east, and  their  dip  is  in  the  opposite  direction  under  angles  varying 
from  70°  to  40°.  The  unconformable  abutment  of  the  sandstones  against 
the  trappean  series  is  plainly  observed  at  several  places  near  Houghton, 
on  the  property  of  the  Isle  Royale  company,  near  the  stamp  works  of 
the  Calumet  and  Hecla  mines,  on  the  railroad  coming  down  from  the 
mines  to  the  stamp  works,  and  on  the  Sheldon  and  Columbia  property. 

KominCtER,105  in  1870,  describes  the  red  lake  Superior  sandstone  as 
unconformably  abutting  against  or  overlapping  the  trap  rock  with  hori- 
zontally disposed  layers.  On  the  western  slope  of  the  ridge  the  trap 
rocks  are  conformably  overlain  by  sandstones,  conglomerates,  and  slates, 
the  age  of  which  is  intermediate  between  the  trap  and  the  horizontal 
sandstone,  but  bet  ween  all  three  there  are  such  great  lithological  affinities 
that  it  is  natural  to  regard  them  as  consecutive  products  of  one  and 
the  same  epochs.  The  absence  of  trappean  rocks  distinguishes  the 
upper  division  from  the  lower. 

The  Huron  mountains  nre  a  crystalline  granitic  and  dioritic  Lauren 
tian  rock  series.  These  granitic  rocks  are  surrounded  by  a  narrow  belt 
of  the  horizontal  red  sandstone  of  lake  Superior,  which  abuts  uncon- 
formably against  them.  The  Huronian  rock  series,  with  uplifted  beds 
alternating  with  slate  rocks,  quartzites,  diorites,  and  jaspery  strata, 
with  seams  of  iron  ore,  lean  unconformably  against  the  granitic  series. 

Brooks,106  in  1876,  places  granite  as  the  youngest  Huronian  rock 
south  of  lake  Superior.  This  granite  occurs  as  the  uppermost  member  oi 
the  Menominee  and  Penokee  series,  but  in  the  latter  it  thins  out  and  <lis 
appears  before  reaching  the  Gogebic  region.  The  lithological  character 
of  this  granite  belt  bears  a  general  resemblance  to  the  Lauren  I  ian 
rocks.  This  granite,  from  the  fact  that  it  does  not  give  off  dikes  cut- 
ting the  copper-bearing  series,  is  believed  i<>  be  earlier  than  the  latter. 
Although  there  is  approximate  conformability  in  strike  and  clip,  there 
is  probably  an  unconformity  between  the  copper-bearing  rocks  and  the 


96  PRE-CAMBRIAN    ROCKS    OF    NORTH    AMERICA.  [bull. 86. 

Penokee-Gogebic  Huronian,  as  shown  by  the  fact  that  the  former  series 
is  iu  contact  in  different  places  with  various  members  of  the  Huronian. 
There  is  also  an  unconformity  between  the  Huronian  and  Laurentian. 

As  supporting  the  view  that  the  pre- Silurian  systems  are  distinct 
periods,  attention  is  called  to  the  lithological  differences  between  the 
three  series,  as  well  as  to  the  intensity  of  folding  to  Avhich  they  have 
been  subjected.  The  detrital  members  of  the  copper  series  consist  of 
friable  sandstone  showing  no  greater  metamorphism  than  the  Silurian, 
and  it  is  folded  only  in  regular  magnificent  sweeps,  the  same  strike  and 
dip  continuing  in  some  cases  for  about  150  miles.  The  Huronian  series 
consists  of  greenstones,  various  schists,  clay-slates,  quartzites,  marbles, 
with  gneisses  and  granites  containing  no  copper,  and  having  conforma- 
ble beds  of  the  various  oxides  of  iron,  and  is  everywhere  sharply  folded 
into  narrow  troughs  and  irregular  basins  trending  in  every  direction. 
The  Laurentian  is  still  more  plicated  and  metamorphosed,  the  stratifi- 
cation often  being  entirely  obliterated.  Whether  the  Laurentian  rocks 
can  be  separated  into  two  or  more,  nonconformable  systems,  as  in 
Canada,  no  opinion  is  ventured.  Since  Keweenaw  peninsula  is  a  strik- 
ing geographical  feature  in  lake  Superior,  and  is  the  locality  where  the 
copper  series  is  best  exposed,  the  name  Keweenawian  is  suggested  for 
this  period. 

Brooks107,  in  1876,  gives  a  list  of  the  rocks  of  the  Huronian  series 
in  order  of  their  abundance  and  as  they  occur  in  strati  graphical  suc- 
cession in  the  Marquette,  Menominee,  Penokee,  and  Gogebic  series. 
Lithologically  the  rocks  are  divided  into  (1)  Fragmental  rocks,  exclu- 
sive of  limestone ;  (2)  Metamorphic  rocks,  not  calcareous  ;  (3)  Calcareous 
rocks ;  (4)  Igneous  rocks. 

The  Fragmental  rocks  include  quartz-conglomerates,  which  occur  in 
the  middle  horizon,  both  in  the  Marquette  and  Menominee  and  in  the 
latter  at  the  base  of  the  series  where  it  holds  pebbles  of  granite,  gneiss, 
and  quartz.  In  the  Metamorphic  rocks  not  calcareous  are  included 
many  varieties ;  the  mica-bearing  series  includes  granite,  syenite, 
gneiss,  mica- schists,  hornblende-schists,  mica-slates,  clay-slates,  diorites, 
diabases,  quartzites,  siliceous  schists,  chert  and  jasper  rocks,  iron  ores, 
as  well  as  many  others.  Among  the  eruptive  rocks  is  a  feldspathic 
series,  including  granite  dikes ;  hornblendic  and  pyroxenic  series,  in- 
cluding diabase  and  similar  rocks,  and  hydrous  magnesian  schistose 
rocks  which  are  found  in  dike-like  forms  crossing  the  quartzites,  iron 
ores,  and  greenstones. 

The  succession  in  the  Marquette  region  from  the  base  upward  is  (a) 
syenite,  diorite,  diabase,  hornblende- schists,  slates,  conglomeratic 
quartzites,  and  various  quartzose  iron  ores  5  (b)  quartzite  graduating 
into  protogine,  and  containing  interstr  a  tiffed  beds  of  dolomi tic  marble; 
(c)  ferruginous  quartzose  schist,-  (d)  hornblendic  rocks  with  green- 
stones; (e)  ferruginous  quartzose  flags,  clay-slates,  and  quartzites;  (/) 
hornblendic  rock,  related  to  diorite  and  diabase;  (g)  siliceous  hemati tic 
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and  limoiiitic  schistose  ores;  (h)  diorite,  hornblende- schist,  and  chlor- 
ite- schist ;"(*)  arenaceous  quartz-schist,  banded  with  micaceous  iron 
and  quartzose  linionitic  ore;  (j)  pure  specular  hematite  and  magnetite, 
with  banded  jaspery  schists  and  interstratified  beds  of  chloritic  and 
hydromica- schist;  (k)  an  arenaceous  quartzite,  often  semischistose  and 
conglomeratic;  (I)  argillaceous  slate;  (m)  quartz-schists;  (n)  autho- 
pliyllitic  schist;  (o)  mica-schist.  Similar  successions  are  given  in  the 
other  regions  mentioned  and  correlated  with  that  in  the  Marquette 
region,  and  all  of  these  successions  are  compared  and  correlated  with 
Logan's  succession  in  Canada. 

The  Huronian  in  the  Marquette,  Menominee,  and  Gogebic  regions  is 
nonconformable  with  the  Lauren tian. 

Pumpelly,108  in  1878,  describes  lake  Superior  as  divided  into  two 
distinct  basins  by  Keweenaw  point,  the  western  basin  being  a  geosyn- 
clinal  trough.  The  southeastern  lip  of  this  trough  consists  of  an  im- 
mense development  of  volcanic  rocks  in  the  form  of  great  beds  and 
flows  associated  with  conglomerates  and  sandstones,  both  of  which  con- 
sist essentially  of  porphyry  detritus.  This  Keweenaw  series  is  more 
nearly  conformable  with  the  underlying  highly  tilted  Huronian  schists 
than  with  the  Potsdam  sandstone.  The  prominent  eruptive  rocks  of 
the  Keweenaw  series  fall  under  the  two  heads,  diabase  and  melaphyre. 
The  changes  which  have  taken  place  in  the  interior  of  the  rock  masses 
since  eruption,  that  is,  the  metasomatic  development  of  these  rocks,  is 
traced  out  in  great  detail. 

Wright,109  in  1879,  describes  the  Laurentian  series  as  consisting  of 
coarsely  crystalline  massive  granites,  passing  into  gneissoid  rocks,  and 
these  graduating  into  mica-schists,  and  the  latter  even  as  imperceptibly 
into  slates.  The  Laurentian  granite  is  regarded  as  a  metamorphic 
sedimentary  rock,  because  the  quartz  grains  contain  cavities  filled 
with  liquid,  while  igneous  granites  never  contain  such  cavities,  but 
rather  those  filled  with  glass  or  stone.  The  lower  Huronian  strata  have 
been  chiefly  derived  from  the  ruins  of  the  Laurentian  rocks.  The  non- 
conformity between  the  Laurentian  and  Huronian  maybe  seen  at  Pen  - 
okee  gap.  Here  the  dip  of  the  gneissoid  granite  is^about  70°  to  the 
south,  Avhile  the  plainly  bedded  Huronian  strata  in  direct  contact  have 
a  dip  of  65°  to  the  north.  At  the  Macomber  mine,  near  Kegaunee,  is 
found  a  bed  of  manganiferous  hematitic  shale  bearing  the  impression 
of  some  fossil  which  Profs.  Brush,  Yerrill,  Dana,  and  Smith  pronounce 
to  belong  to  the  lower  forms  of  life.  The  Lower  Silurian  sandstone 
about  the  city  of  Marquette  is  nearly  horizontally  bedded,  and  rests 
unconformabiy  on  and  against  the  Huronian. 

Rominger,110  in  1881,  gives  a  general  account  of  the  Marquette  and 
Menominee  iron  region,  with  very  voluminous  details  as  to  particular 
localities. 

The  Marquette  region. — In  general  remarks  on  the  geology  of  the  Mar- 
quette district  the  succession  is  (1)  Granitic  group;  (2)  Dioritic  group; 
Bull.  86 7 
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(3)  Quartzite  group;  (4)  Iron  group;  (5)  Arenaceous  Slate  group;  (6) 
Mica-schist  group;  and  (7)  Serpentine  group;  but  later  it  is  seen  that 
the  Quartzite  group  reposes  upon  the  Iron  group,  so  that  the  order 
of  3  and  4  is  reversed.  The  Silurian  sandstones  rest  horizontally  on 
the  other  rock  formations  and  frequently  contain  fragments  of  the 
underlying  formations.  The  crystalline  granitic  masses  are  directly 
confined  to  the  northern  and  southern  limits  of  the  Marquette  district. 
The  dip  of  the  strata  on  the  south  part  of  the  trough  is  usually  to  the 
north,  and  on  the  north  side  to  the  south,  so  that  we  may  consider  this 
area  as  a  synclinal  caused  by  the  upheaval  of  its  northern  and  southern 
margins.  The  granitic  and  sedimentary  rock  masses  are  traversed  by 
rock  belts  of  a  crystalline  character,  which  represent  lava  streams 
intruded  at  different  periods  subsequently  to  the  rocks  cut. 

In  the  Granitic  group  the  granites  are  found  inter  strati  fled  with  the 
Huronian  schists  of  the  Dioritic  group.  The  granites  are  usually  mid- 
dling coarse  grained  and  in  the  main  are  massive,  although  distinct 
gneissoid  rocks  have  a  limited  occurrence.  Besides  the  dioritic  dikes 
there  are  in  the  granites  crystalline  non-stratified  masses  resembling 
eruptive  dikes.  In  several  instances  granite  dikes  show  a  laminar 
arrangement  of  the  mica  scales.  Also  syenites  are  associated  with  the 
ordinary  granites.  The  hornblende  rocks  associated  with  the  granites 
are  distinguished  fron;  those  occupying  a  higher  position  in  the  series 
by  the  brighter  luster  of  the  hornblende  crystals.  Dioritic  rocks  occur 
inter  stratified  with  the  granites,  which  are  probably  of  the  same  origin 
as  the  volcanic  eruptives.  In  the  Lauren ti an  rocks  no  limestones,  lay- 
ers of  quartzite,  nor  beds  of  iron  ore  are  found.  The  granitic  rocks  in 
their  present  position  are  actually  the  younger  rocks,  as  shown  by  the 
intrusion  of  large  masses  of  granite  between  the  stratified  sediments  of 
the  Dioritic  group. 

The  dioritic  -  group  is  regarded  as  remelted,  completely  metamor- 
phosed Huronian  sediments,  their  more  crystalline  character  being  due 
to  their  closer  proximity  to  the  volcanic  forces.  The  rocks  of  the  Dio» 
ritic  group  include  a  large  succession  of  schistose  beds  of  uniform 
character,  interstratified  with  massive  diorite.  In  the  dioritic  rock 
chlorite  frequently  replaces  the  hornblende  and  often  seems  to  be  a 
product  of  its  decomposition.  The  massive  diorites  are  usually  conn 
formably  bedded  with  the  schists  and  often  insensible  gradations  from 
the  schistose  conditions  to  the  massive  diorite  can  be  seen.  The  expos- 
ures of  massive  diorite  generally  form  a  nucleus  around  which  the 
inclosing  rock  masses  are  arranged  concentrically  with  a  more  perfect 
svltistose  structure.  In  the  Dioritic  group  are  conglomerates.  One 
variety  is  well  exposed  at  Deer  lake  furnace,  where  the  pebbles  are  of 
a  feldspathic  substance  which  on  fresh  fracture  contrasts  little  with 
the  surrounding  schistose  mass.  Also  extensive  conglomeratic  masses 
are  found  full  of  granite  pebbles  of  large  size  in  Sec.  2,  T.  48  N.,  E.  2G 
W.,  and  in  Sec.  29,  T.  48  K,  R.  25  W.  In  opposition  to  Brooks  it  is 
maintained  that  there  is  but  one  iron- group  formation. 
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The  Quartzite  group  is  in  places  inter  stratified  with  ferruginous  and 
siliceous  seams,  as  well  as  novaculitic  strata  and  siliceous  limestones. 
Frequently  in  the  quartzite  is  a  conglomerate  containing  abundant 
quartz  fragments,  and  also  not  infrequently  containing  granite  and 
slate  fragments.  Oftentimes  these  conglomerates  containing  the  gran- 
ite fragments  are  very  close  to  the  massive  granite,  while  it  not  infre- 
quently underlies  them.  At  one  place  in  which  the  quartzite  is  in  con- 
tact with  the  granite  the  one  rock  is  seen  to  graduate  by  imperceptible 
stages  into  the  other,  in  which  case  the  sedimentary  strata  are  changed 
into  the  granite-like  rock  by  being  exposed  to  the  contact  with  the 
eruptive  granite.  In  another  place  a  granite  breccia  containing  large 
fragments  of  granite  is  found  in  connection  with  such  large  masses  of 
granite  as  to  be  too  great  to  be  fragments  of  a  breccia,  and  this  sug- 
gests that  the  nucleus  of  the  hills  are  solid  granites,  whose  shattered 
portions  are  recemented  on  the  spot  by  sedimentary  debris  washed 
into  the  interstices.  In  the  next  hill  to  the  south  the  inclosed  water- 
worn  pebbles  are  in  part  granite  and  in  part  slate.  Above  the  ore- 
bearing  rock  beds  is  generally  a  very  coarse  quartzite  conglomerate 
which  often  has  the  characters  of  a  coarse  grained  ferruginous  quartz- 
ite and  grades  down  into  a  brecciated  ore.  The  fragments  are  chiefly 
ore,  jasper  and  quartz,  and  the  cement  is  arenaceous  or  ferruginous. 
This  occurrence  is  so  general  as  to  suggest  that  great  disturbances  not 
of  a  local  extent  must  have  occurred  at  the  end  of  the  era  of  iron  sedi- 
ments. The  number  of  localities  and  mines  at  which  this  conglomerate 
or  breccia  occurs  is  very  great.  Among  the  latter  are  the  Home,  Gib- 
bon, Jackson,  Cleveland,  Cascade,  Gribben,  Salisbury,  Lake  Superior, 
Champion,  Saginaw  and  Goodrich,  Keystone,  Eepublic,  and  Michi- 
gamme. 

The  Iron  group  occupies  a  position  inferior  to  the  Quartzite  group, 
and  there  are  not  two  horizons  here,  as  supposed  by  Brooks.  It  is  com- 
posed of  banded  jasper,  conformable  chlorite- schist,  and  ore.  The  ore- 
deposits  are  not  regular  sedimentary  layers,  but  the  product  of  the 
decomposition  of  the  impure  ledges  by  percolating  waters,  leaching  out 
the  siliceous  matter  and  replacing  it  with  iron  oxide,  and  are  therefore 
very  irregular  in  form.  The  strata  are  in  a  much  disturbed  condition, 
folded  and  distorted  in  every  possible  way,  usually  without  fault. 
These  disturbed  beds  lie  in  every  instance  directly,  but  often  uncon- 
formably,  on  chloritic  or  hydromicaceous  schists,  or  on  crystalline  dio- 
ritic  masses,  which  are  constant  associates  of  the  chlorite  schists,  or  on 
dioritic  schists.  At  the  Jackson  mine  are  knobs  of  diorite  associated 
with  schists  surrounded  by  the  banded  jasper  rocks,  which  are  evi- 
dently corrugated  by  the  intrusion  of  this  mass.  In  places  the  ore- 
bearing  formation  is  not  found  incumbent  on  the  Dioritic  group.  At 
Teal  lake  the  quartzite  is  found  under  the  ore  and  the  diorite  over  the 
ore,  which  leads  to  the  conclusion  that  these  strata  are  in  an  over- 
turned position. 
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The  Arenaceous  Slate  group  of  great  thickness  is  so  designated 
because  a  large  portion  of  the  rocks  here  included  consist  of  sandy  sili- 
ceous layers,  alternating  with  slaty  argillitic  rock  beds  and  occasion- 
ally with  compact  quartzite.  The  strata  in  different  localities  quite 
often  differ  considerably.  The  rocks  of  this  group  are  incumbent  on 
the  quartzite  formation,  but  also  sometimes  rest  upon  the  ore-bearing 
rocks,  and  quite  often  are  found  in  direct  contact  with  the  dioritic 
series.  The  rocks  are  sometimes  conglomeratic  or  brecciated,  the  frag- 
ments consisting  of  different  kinds  of  rocks.  In  the  black  roofing 
slates  of  Huron  bay  the  cleavage  is  discordant  with  the  bedding. 
Occupying  a  position  above  the  black  slates  are  the  ore  deposits  of  the 
Taylor  mine,  near  L'Anse,  and  of  the  Northampton  and  D'Alaby,  north 
of  Champion;  also  the  S.  0.  Smith  and  other  mines.  These  ores  are 
contemporaneous  and  equivalent  to  that  of  the  Commonwealth  in  the 
Menominee  district. 

The  Mica-schist  group  is  found  exposed  for  the  most  part  about 
Michigamme  village.  The  Serpentine  group  includes  the  rocks  oi 
Presque  isle  and  those  of  similar  class.  The  Silurian  sandrock  reposes 
unconformably  upon  the  Serpentine  formation  at  Presque  isle.  Besides 
the  serpentine  and  other  magnesian  silicates,  limestone  comprises  an 
important  share  of  this  group. 

The  seven  previous  groups,  considered  to  be  a  succession  of  sedi- 
mentary strata,  are  intersected  by  various  dikes,  among  which  are  a 
dioritic  rock  and  dolerite  dikes,  the  latter  of  which  are  later  in  age  than 
the  former.    No  proof  has  been  found  of  any  discordance  between  the 
granites  of  Marquette  and  the  adjoining  Huronian  beds.     On  the  con- 
trary, outcrops  of  the  two  kinds  of  rocks  exhibit  a  remarkable  parallel- 
ism in  strike  and  dip,  and  in  many  localities  the  Huronian  schists  and 
belts  of  granite  are  in  terlam  mated  in  perfect  conformity.    The  granite  J 
is,  however,  regarded  as  intrusive  masses.     The  granites  are  therefore,  1 
with  reference  to  the  stratified  sedimentary  rocks,  actually  the  younger  ] 
rock. 

The  Menominee  region. — Many  localities  and  sections  in  the  Menomil 
nee  iron  region  are  described  in  detail.  The  Silurian  sandstone  is  found 
to  rest  unconformably  upon  the  nearly  vertical  Huronian  strata.  Near 
Sturgeon  river  falls,  in  the  river,  the  quartzite  formation  reposes  un-j 
conformably  on  the  granite.  Thick  layers  of  limestone  are  found  inj 
the  series,  and  this  is  sometimes  congloTiieratic.  The  fissile  phyllitel 
schists  are  found  in  discordance  with  the  dioritic  schists  at  lake  IJan-j 
bury.  The  granitic  and  gneissic  rocks  south  and  north  of  the  Fetch ' 
mountain  ore  formation  are  found  to  be  absolutely  identical.  The  dio-, 
ritic  rocks  are  found  generally  and  play  the  part  of  an  intrusive  with 
regard  to  the  strictly  sedimentary  rock  beds  of  the  Huronian  series.] 
The  dioritic  group  is  held  to  be  older  than  the  iron -bearing  group  be- 
cause it  exhibits  a  greater  degree  of  metamorphism  and  on  the  ground  \ 
that  it  is  lithologically  like  the  equivalent  dioritic  group  of  the  Mar- 1 
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quette  district.     It  lias  evidently  been  transformed  under  the  coopera- 
tion of  heat  and  partially  brought  into  a  plastic  condition. 

In  the  eastern  part  of  the  Menominee  region  the  rocks  found  com 
prise,  in  descending  order,  the  lake  Hanbury  slate  group,  perhaps  2,000 
feet  in  thickness;  the  Quinnesec  ore  formation,  which  comprises  mica- 
ceous and  argillitic  strata,  containing  ore  bodies,  not  less  than  1,000  feet 
thick y  and  the  Norway  limestone  belt,  at  least  1,000  feet  thick.  The 
Commonwealth  mine,  in  the  western  part  of  the  Menominee  district,  rep- 
resents a  higher  horizon  than  the  Quinnesec  ore  formation. 

Wii^CHELL  (1ST.  H.),111  in  1888,  describes  in  the  Marquette  district  the 
conglomerate  overlying  the  ore  and  jasper  formation  at  several  mines, 
and  places  the  overlying  quartzite  in  the  Potsdam.  North  of  Bessemer 
is  a  basal  conglomerate  of  the  Cupriferous  series  which  is  inferred  to  lie 
unconformably  upon  the  Gogebic  iron-bearing  rock.  This  conglomerate 
appears  to  be  the  equivalent  of  the  overlying  Potsdam  conglomerate  of 
the  Marquette  region,  which  makes  the  Gogebic  series  pre-Potsdain. 
The  granite  underlying  the  Huronian  slates  at  the  Aurora  mine  was 
originally  a  conglomerate,  but  it  has  acted  the  role  of  an  eruptive  rock 
and  has  flowed  over  the  adjoining  sedimentary  strata.  This  granitic 
conglomerate  is  parallelized  with  the  Ogishki  conglomerate  of  Minn- 
esota, and  the  overlying  sedimentary  rocks  are  the  equivalent  of  the 
Animikie. 

Winchell  (Alex.),112  in  1888,  finds  the  Marquette  iron-bearing  rocks 
to  have  the  same  geological  position  with  respect  to  the  crystalline 
schists  and  gneisses  and  to  consist  of  sediments  of  the  same  character 
as  those  of  the  Vermilion  range.  At  Deer  lake  furnace  is  a  peculiar 
conglomeratic  rock  which  appears  sedimentary,  but  is  much  altered  and 
has  a  quasi-eruptive  aspect.  This  conglomerate  is  like  that  of  Stuntz 
island  in  Vermilion  lake.  Near  Negaunee  is  an  argillite  which  has  a 
lower  dip  than  a  greenish  chloritic  quartzose  rock  across  a  railroad  from 
it,  and  the  two  are  therefore  unconformable. 

The  rocks  of  Marquette  are  older  than  the  Huronian  because  they 
differ  from  them  lithologically ;  because  the  Canadian  Huronian  is  imme- 
diately succeeded  by  the  Paleozoic  system,  while  the  Marquette  strata 
is  not;  because  some  evidences  are  found  that  in  the  Marquette  dis- 
trict there  is  an  overlying  unconformable  sub-Paleozoic  system;  and 
because  the  Marquette  series,  being  the  equivalent  of  the  Vermilion,  is 
older  than  the  Animikie  slates,  which  are  the  equivalent  of  the  Huro- 
nian. 

The  rocks  of  the  Gogebic  range  are  regarded  as  the  equivalent  of 
those  of  the  Marquette  region  because  they  resemble  them  lithologic- 
ally, and  because  they  are  in  an  analogous  position  to  the  crystalline 
rocks.  Between  the  Penokee  series  and  the  underlying  schists  there  is 
a  marked  unconformity,  the  Penokee  rocks  dipping  to  the  north,  while 
the  hornblende-schists  dip  to  the  south.  The  Penokee  series  strata  are 
lithologically  unlike  the  ore-bearing  strata  of  Gogebic,  Marquette,  and 
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Vermilion  regions,  but  resemble  those  of  the  Animikie  series  and  are 
therefore  perhaps  Huronian,  while  the  Gogebic  iron-bearing  strata  are 
not. 

Wadsworth,113  in  1890,  gives  a  general  account  of  the  geology  of 
the  Marquette  and  Keweenaw  districts  based  upon  his  own  and  other 
works.  The  Azoic  system  includes  fragmental  and  eruptive  rocks. 
Among  the  former  are  various  argillites  and  schists  of  the  Marquette 
district.  Among  the  eruptive  rocks  are  placed  the  jaspilites  and  their 
associated  ores,  with  the  exception  of  certain  soft  iron  ores  of  chemical 
origin.  The  Keweenawan  is  again  placed  as  a  part  of  the  Potsdam, 
since  the  first  lava  flow  found  on  Keweenaw  point  flowed  over  the 
Eastern  sandstone.  Subsequently  there  has  been  a  fault  line  or  fissure 
running  near  the  contact  of  the  sandstones  and  lavas.  This  fault  is 
regarded  as  normal  and  it  accounts  for  the  fact  that  sometimes  the 
lavas  and  sometimes  the  associated  conglomerates  are  brought  in  con- 
tact with  the  Eastern  sandstone  along  the  fault  line. 

Wadsworth,114  in  1891,  modifies  somewhat  the  foregoing  account  of 
the  Azoic  system.  A  portion  of  the  jaspilites  and  associated  iron  ores 
are  still  held  to  be  eruptive,  but  it  is  suggested  that  even  for  these 
supposed  nonfragmental  jaspilites  of  Ishpeming  and  Negaunee,  their 
present  relations  may  be  due  to  sedimentary  and  chemical  action  and 
the  squeezing  together  of  the  jaspilite  and  schist.  The  jaspilite  and 
ore,  with  the  associated  quartzites,  occurring  at  Cascade,  Kepublic, 
Humboldt,  and  a  part  of  those  at  Ishpeming  and  Negaunee,  as  well  as 
those  of  the  overlying  quartzites  and  schists,  are  sedimentary.  In  the 
Marquette  district  there  are  three  distinct  geological  formations  or  ages 
in  ascending  order  as  follows:  First,  the  hornblende-schist  and  granite 
of  Cascade  or  Palmer  and  the. nonfragmental  jaspilite  aud  ore  of  lsh> 
peniing  and  Negaunee — the  Cascade  formation.  Second,  the  frag- 
mental jaspilite  and  ore,  with  their  associated  quartzites  and  schists  of 
Cascade,  Republic,  Humboldt,  Ishpeming,  Negaunee,  and  elsewhere — 
the  Republic  formation.  Third,  the  overlying  conglomerates,  quartz- 
ites, and  schists  of  Cascade,  Republic,  Holyoke,  and  elsewhere — the 
Holyoke  formation. 

Above  the  detrital  Republic  formation  at  the  Cascade  range  is  another 
detrital  formation  which  contains  water- worn  debris  derived  from  the 
underlying  deposits  of  jaspilite  and  ore,  and  is  therefore  uncomforina- 
bly  above  it.  At  present  it  is  not  possible  to  determine  positively 
whether  there  are  really  three  formations  as  given,  or  from  four  to  six 
different  ones,  or  whether  the  three  may  be  reduced  to  two. 

Wadsworth,115  in  1891,  finds  that  the  Lower  Silurian,  containing 
Trenton  fossils  near  L'Anse,  overlies  the  sandstone  conformably,  both 
having  a  synclinal  structure^  which  tends  to  confirm  the  commonly 
received  view  of  the  Potsdam  age  of  the  Eastern  sandstone. 

Wadsworth,116  in  1891,  gives  observations  upon  the  South  Trap 
range  and  adjacent  sandstones.    Various  places  are  mentioned,  includ- 
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ing  Silver  mountain,  wliich  are  composed  of  lava  flows.  These  traps 
sometimes  have  a  dip  not  higher  than  9°  to  20°.  In  Sees.  11,  13  and 
14,  T.  40  "8. ,  R.  31  W.,  sandstone  is  found  overlying  the  lava  flows.  The 
Eastern  sandstone  on  Traverse  island,  in  Keweenaw  bay,  is  said  to 
have  an  inclination  of  from  5°  to  14°,  while  in  the  vicinity  of  Torch  lake 
it  has  a  dip  of  from  5°  to  23°.  It  is  concluded  that  the  above  observa- 
tions go  to  show  that  the  lava  flows  of  the  South  Trap  range  east  of 
lake  Gogebic  do  not  dip  at  a  high  angle,  as  has  been  generally  asserted, 
and  further  that  the  Eastern  sandstone  is  not  horizontal,  as  has  been 
generally  stated,  but  that  the  two  dip  at  a  low  angle,  generally  5°  to 
20°.  These  observations  also  indicate  that  the  Eastern  sandstone  and 
the  lava  flows  of  the  South  Trap  range  are  one  formation,  and  are  as 
conformable  as  eruptions  of  lava  can  be  with  a  contemporaneous 
sedimentary  deposit. 

Rominger,117  in  unpublished  manuscript  of  the  Michigan  Survey  for 
1881  to  1884,  further  reports  upon  the  complex  described  in  the  former 
volume  as  the  Huronian  system.  The  lower  granite  and  gneissoid  por- 
tion of  the  rock  groups  in  the  Marquette  region  exhibits  the  characters 
of  an  eruptive  and  not  of  an  altered  sedimentary  rock.  Generally  a 
solid  crust  of  granite  probably  served  as  a  substratum  on  which  the 
Huronian  sediments  were  laid  down,  but  an  opportunity  is  not  often 
afforded  to  see  the  rocks  in  contiguity  well  enough  exposed  to  allow  a 
discrimination  as  to  whether  such  contact  is  an  original  primary  one  or 
resulted  from  dislocation.  The  existence  of  granite  as  a  surface  rock  at 
the  time  the  Huronian  sediments  formed  is  proved  by  the  occurrence  of 
belts  of  granite,  conglomerate  and  breccia  in  different  horizons  of  the 
series. 

A  large  belt  of  conglomerate  formed  of  rounded  weather-worn  granite 
pebbles  and  schistose  rock  fragments,  cemented  by  a  matrix  of  similar 
schistose  material,  is  seen  in  contact  with  a  granite  belt  in  the  south 
half  of  Sec.  2,  T.  48  N.,  R.  26  W.  j  in  the  SE.  \  Sec.  22,  T.  47  K,  B.2<>  W. ; 
and  in  the  north  half  of  Sec  29,  T.  48  ST.,  E.  25  W.  In  the  first  of  these 
localities  the  fragments  are  different  from  the  underlying  granite.  The 
second  locality  furnishes  a  better  proof  of  the  deposition  of  Huronian 
sediments  on  a  base  of  granite.  Here  several  knobs  centrally  com- 
posed of  massive  granite  are  surrounded  by  a  mantle  of  coarse  granite 
breccia,  with  a  well  laminated  quartzose  material  as  a  cement.  This 
breccia  is  conformably  succeeded  by  hydromica-slates,  interlaininated 
with  heavy  belts  of  compact  quartzite.  At  the  third  locality  granite 
3onglomeraJ:e  is  interlaininated  with  dioritic  schists,  but  is  remote  from 
granite  outcrops.  The  gradation  of  the  quartzite  formation  into  the 
granite,  described  in  the  previous  report  as  occurring  in  the  north  part 
}f  T.  47  K,  Rs  25  W.,  is  now  considered  as  a  recemented  mixture  of 
granite  fragments  mingled  with  arenaceous  material,  although  it  is  sin- 
gular that  the  orthoclase  crystals  copiously  found  in  the  mass  have  all 
sharp  outlines  and  are  quite  fresh. 
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The  upheaval  of  the  granite  and  its  intrusion  into  the  overlying  strata 
occurred  in  all  probability  near  the  termination  of  the  Huroni an  period, 
as  we  find  the  granite  in  contact  with  all  the  Huronian  strata  up  to  the 
youngest,  and  these  always  in  a  dislocated  position.  Intrusive  belts  of 
granite  are  usually  never  found  to  intersect  beds  higher  than  the  iron- 
bearing  group,  except  in  the  country  north  of  the  Penokee  range  in 
Wisconsin,  and  in  the  vicinity  of  Duluth,  Minnesota,  where  granite  or 
granite-like  rocks  cut  across  eruptive  belts  of  gabbro  which  are  them- 
selves more  recent  than  any  of  the  sedimentary  strata  of  the  Huronian. 
These  granites  differ  from  the  ordinary  granites  at  the  base  of  the 
Huronian,  and  are  most  likely  younger.  The  dislocation  of  the  Huronian 
beds  is  not  exclusively  due  to  the  upheaval  and  intrusion  of  the  granite, 
but  has  been  caused  in  part  by  diorite  and  diabase  intrusives  which 
intersect  the  granite  as  well  as  the  incumbent  beds.  The  diorites  inter- 
secting the  granite  are  identical  with  similar  rocks  interstratified  with 
the  schists  of  the  Huronian  group  conformably  or  transversely  inter- 
secting them,  and  they  therefore  represent  one  and  the  same  volcanic 
injection.  From  the  massive  forms  of  diorite  a.  gradation  exists  into  a 
schistose  condition.  This  led  to  the  conclusion  in  the  former  report 
that  the  massive  diorites  had  suffered  secondary  fusion  $  but  as  the  1 
author  is  now  convinced  that  schistose  structure  is  not  necessarily  the] 
result  of  aqueous  sedimentation,  it  is  concluded  that  the  dioritic  group  | 
does  not  belong  in  the  sedimentary  succession.  Dolerite  or  diabase 
rocks  intersect  in  dike-like-form  all  the  Huronian  rocks,  as  well  as  the 
granites.  As  they  are  like  those  of  the  copper-bearing  series,  these 
rocks,  as  well  as  the  contemporaneous  flows,  are  regarded  as  belonging 
to  the  same  geological  period.  In  the  Felch  mountain  region  one  dike 
(15  or  16  feet  in  thickness)  of  holocrystalline  granite  cuts  across  the  iron- 
bearing  series.  In  Sec.  33,  T.  42  N.,  R.  28  W.,  another  granite  dike  cuts 
through  the  iron-bearing  rocks. 

Above  the  iron-ore  group  of  the  Marquette  and  Menominee  districts 
before  described  is  found  at  many  localities  important  deposits  of  iron 
in  both  these  regions  which  belong  in  the  Arenaceous  Slate  group. 
There  are,  therefore,  two  iron  horizons  instead  of  one,  as  before  sup- 
posed. The  mica-schist  formation,  supposed  to  belong  above  the  Are- 
naceous Slate  group,  is  found  to  dip  conformably  below  it  in  some  places, 
and  therefore  is  really  a  part  of  the  Arenaceous  Slate  group,  and  is 
believed  to  represent  its  middle  horizon.  The  slate  group  about  L'Anse 
and  Huron  bay  is  black  and  often  graphitic.  The  slate  beds  at  Plum- 
bago creek  are  succeeded  by  schistose  beds  richer  in  red  feldspar  and 
containing  little  quartz,  which  might  by  superficial  examination  be  mis- 
taken for  granite,  but  which  is  evidently  a  fragmental  rock  formed  by 
the  detritus  of  the  granite  which  near  by  forms  large  mountain  masses, 
and  the  granite  of  which  is  very  rich  in  red  feldsj)ar  and  contains  com- 
paratively little  quartz. 
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The  Gogebic  region  is  described  and  the  rocks  are  divided  into  gran- 
itic, dioritic,  iron  ore,  and  upper  slate  groups,  which  are  analogous  to 
the  similar  groups  in  the  Marquette  country.  G  ranite  seams  were  found 
here  cutting  across  the  dioritic  schists,  but  were  not  found  to  cut  the 
truly  sedimentary  strata.  Locally,  in  contiguity  with  the  granite,  are 
heavy  quartzite  strata  which  are  often  conglomeratic,  and  are  filled  with 
rounded  granite  pebbles.  The  dioritic  rocks  above  the  granite  often 
have  a  brecciated  or  conglomeratic  structure,  the  fragments  being  vari- 
ous kinds  of  diorite  cemented  by  the  same  material.  The  diorite  is  of 
eruptive  character,  as  is  shown  by  the  occurrence  of  belts  of  it  cutting 
transversely  through  the  ore-bearing  series.  Limestones  are  also  found , 
which  occupy  the  same  position  as  the  limestones  below  the  ore-bearing 
strata  in  the  Menominee  district. 

The  succession  in  the  Felch  mountain,  from  the  base  upward,  is  (1) 
granitic  or  dioritic  rocks ;  (2)  quartzite  beds;  (3)  fissile  quartz  schists; 
(4)  micaceous  argillite;  (5)  crystalline  limestone  with  siliceous  seams; 
(6)  ferruginous  quartzites,  containing  the  ore  beds. 

SECTION  IV.  WORK  OF  THE  WISCONSIN  GEOLOGISTS  AND  ASSOCIATES. 

Percival,118  in  1856,  describes  the  quartzite  ridges  of  Baraboo  and 
Portland.  The  rock  is  a  hard  granular  quartz,  which  has  more  or  less 
distinct  lines  of  stratification,  and  resembles  much  a  Primary  granular 
quartz.  In  the  Baraboo  rock  are  layers  more  or  less  filled  with  rounded 
pebbles  of  quartz,  resembling  layers  of  the  same  kind  in  the  lower 
sandstone,  and  oblique  cross  lines  between  the  regular  lines  of  stratifi- 
cation, which  occurrences  appear  to  connect  it  with  the  lower  sand- 
stone. The  dip  of  these  ranges  is  at  a  moderate  angle  to  the  north, 
and  if  the  rock  is  formed  from  the  sandstone  by  igneous  action  from 
beneath,  the  metamorphic  change  has  not  been  accompanied  by  much 
disturbance  of  the  strata.  The  localities  in  which  Primary  rocks  are 
found  are  all  within  the  limits  of  the  lower  sandstone,  and  most  of  them 
occur  at  the  falls  of  the  northern  rivers.  These  rocks  are  mainly  horn- 
blendic  and  syenitic,  although  trap  rocks  resembling  the  intrusive  traps 
of  Connecticut  are  seen,  but  these  arebelieved  to  berather  Primary  green- 
stones. Descriptions  are  given  of  the  rocks  of  Marquette  and  Wau- 
shara counties,  of  those  of  Black,  Wisconsin,  St.  Croix  and  other  rivers. 
On  Black  river  the  rocks  are  syenite,  greenstone  and  chlorite  slate,  the 
latter  accompanied  by  iron  ores. 

Daniel,119  in  1858,  describes  the  iron  ores  of  Black  river  falls  as  as- 
sociated with  the  chloritic  and  micaceous  slates  of  the  Azoic  system. 
Syenite  is  also  found  adjacent.  The  fossiliferous  horizontal  sandstone 
rests  upon  the  upturned  edges  of  the  Azoic  slates,  and  at  the  base  of 
it  is  a  brecciated  conglomerate  consisting  of  sand,  ore  and  slate.  In 
the  lower  part  of  the  Baraboo  valley  are  lofty  ranges  of  hard  quartzite 
which  are  the  soft  crumbling  Potsdam  sandstone  violently  disturbed 
and  changed. 
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Lapham,120  in  1860,  describes  the  Penokee  iron  range.  Here  is  found 
a  mountain  mass  of  iron  ore  in  an  ancient  chloritic  slate,  which  rests 
upon  a  light  colored  quartz  rock.  Above  and  north  of  the  ore  the  slate 
is  hardened,  probably  by  some  volcanic  agency.  The  whole  series  dip 
to  the  north. 

Hall  (James),121  in  1861,  describes  the  quartzite  ranges  of  northern 
Wisconsin,  and  particularly  those  of  Spirit  lake,  as  having  been  original 
stratified  sandstones  which  have  undergone  subsequent  metamorphism. 
These  rocks  are  folded  with  their  axes  lying  in  an  east  and  west  direc- 
tion and  had  become  uplifted  and  metamorphosed  before  the  commence- 
ment of  the  Potsdam  era.  In  the  quartzites  in  two  or  three  localities 
are  found  beds  of  conglomerates.  These  metamorphic  masses  are  in  all 
probability  the  extension  of  the  Huronian  formation  of  Canada. 

Hall  (James),122  in  1862,  describes  the  central  and  northern  areas  of 
Wisconsin  as  consisting  of  the  Azoic  rocks.  These  are  hard  and  crystal- 
line, are  often  destitute  of  lines  of  bedding,  though  they  are  in  reality 
as  regularly  stratified  as  the  more  modern  formations.  Notwithstand- 
ing their  crystalline  character,  their  alternation  of  beds  of  different 
texture  indicates  their  original  different  mechanical  conditions  as  clearly 
as  in  any  of  the  unaltered  strata.  They  were  deposited  precisely  as 
clay,  sand,  and  limestone  strata  of  more  recent  geological  periods,  and 
owe  their  present  character  to  metamorphism.  These  rocks  are  gran- 
itic, syenitic,  gneissoid,  or  hornblendic.  In  the  southern  part  of  the 
area  of  the  crystalline  rocks  are  numerous  elevations  of  them  appear- 
ing within  the  limits  of  the  succeeding  stratified  rocks,  so  that  we  know 
that  these  latter  are  of  later  date.  North  of  the  Azoic  rocks  is  the 
range  of  trap,  conglomerate  and  sandstone  bordering  Lake  Superior 
and  known  as  the  copper  region.  The  quartzite  ranges  of  Baraboo  and 
Necedah  hold  the  same  position  relative  to  the  Potsdam  sandstone  as 
the  Huronian  system  of  the  Canadian  survey. 

Whittlesey,123  in  1863,  describes  the  copper-bearing  strata  of  Ke- 
weenaw point  as  extending  southward  across  the  boundary  of  the 
state  of  Michigan  into  Wisconsin,  a  distance  of  160  miles.  The  order 
of  rocks  along  the  line  is  everywhere  the  same.  Beyond  the  copper 
range,  which  is  nearer  to  lake  Superior,  is  a  second  range  known  as 
the  iron  range,  and  to  this  the  name  Pewabik  was  applied,  although  by 
a  misprint  it  was  transformed  to  Penokee. 

Passing  from  lake  Superior  to  south  of  the  iron  range,  the  structure  in 
descending  order  is  as  follows:  Formation  No.  1,  Potsdam  sandstone, 
consisting  of  sandstones,  conglomerates,  black  slates,  and  alternations 
of  trap  and  sandstone;  No.  2,  Trappose,  in  two  members;  No.  3,  Horn- 
blendic; No.  4,  Quartz,  with  slaty  layers,  separated  into  two  members 
by  a  bed  of  magnetic  iron  and  iron  slate;  No.  5,  Granites  and  syenites 
of  central  Wisconsin.  This  system  is  everywhere  stratified  and  con- 
formable throughout.  On  the  Bad  and  Montreal  rivers  are  found  no 
masses  of  crystalline  limestone. 
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Irving,124  in  1872,  maintains  that  the quartzites  of  Sank  county  are 
un conformably  below  the  Potsdam,  because  they  are  uptilted  at  a 
high  angle,  while  the  Potsdam  is  horizontal,  and  the  horizontal  sand- 
stone abuts  against  the  quartzite  and  holds  fragments  derived  from 
it.     These  quartzites  are  either  Laurentian  or  Huronian. 

Murrish,125  in  1873,  describes  the  quartzite  ranges  of  Baraboo  as  a 
metamorphic  sandstone  of  the  Potsdam  age.  On  the  Black  and  Yel- 
low rivers  are  found  granitic  and  hornblendic  Azoic  and  pi utonic  rocks. 
At  Black  river  falls  are  knobs  of  magnetic  ore  in  a  series  of  elongated 
knobs  or  mounds,  associated  with  quartz  and  micaceous  slate.  At 
Grand  rapids,  on  the  Wisconsin  river,  Azoic  rocks  similar  to  those  on 
Black  river  are  found.  A  quartzite  mound  at  Necedah  occupies  a 
geological  position  similar  to  the  iron  ores  at  Black  river  falls. 

Eaton,126  in  1873,  maps  the  quartzites  of  the  Baraboo  river.  At; 
Ableman's  the  highly  tilted  quartzites  are  flanked  on  both  sides  by 
horizontal  sandstone  and  conglomerate,  the  latter  having  angular  frag- 
ments of  the  quartzite  of  varying  magnitudes.  The  overlying  sand- 
stone is  exactly  like  that  described  by  Irving  at  Devil's  lake  as  con- 
taining Potsdam  fossils.  The  sandstone  is  above  horizontal  limestone 
containing  Pleurotomaria.  The  quartzite  is  then  an  old  Azoic  reef  of 
tilted  rocks  which  has  suffered  enormous  erosion  before  washed  by  the 
waves  of  the  Potsdam  sea. 

Irving,127  in  1873,  maintains  the  pre-Potsdam  age  of  the  Portland 
quartzite  on  the  same  ground  as  the  pre-Potsdam  age  of  the  Baraboo 
ranges.  There  is  a  close  similarity  between  the  Baraboo  and  Portland 
quartzites  and  the  rocks  in  northern  Wisconsin  and  Michigan  which 
are  now  regarded  as  Huronian. 

Irving,128  in  1874,  describes  as  occurring  in  northern  Wisconsin  four 
distinct  groups  of  rocks,  the  Laurentian,  Huronian,  Copper -bearing, 
and  Lower  Silurian.  The  Laurentian  consists  of  granites,  gneisses, 
and  syenites  for  the  most  part,  although  there  may  be  various  schist 
beds  present.  The  Huronian  rocks  consist  of  siliceous  schists,  quartz 
rock,  and  black  slates,  magnetic  and  specular  schists  and  slates, 
metamorphic  diorite  and  diorite-schists.  Its  lowest  portion  is  of 
simple  siliceous  schist  with  some  granular  white  quartz,  gray  quartz- 
ite, and  black  slate.  The  central  portion  consists  of  magnetic  and 
specular  slates  and  schists  in  which  all  the  ores  are  found,  and  the 
highest  and  northernmost  portion  consists  of  diorites,  diorite- slates, 
diorite-schists,  and  quartz-slates.  .The  Copper-bearing  series  is  next 
north  of  and  immediately  overlies  the  Huronian,  and  is  of  enormous 
thickness,  never  less  than  4  miles.  The  lower  portions  of  the  group 
are  probably  in  part  of  igneous  origin,  but  the  upper  portions  are  be- 
yond all  doubt  exclusively  the  results  of  sedimentation.  The  group 
consists  of  shales,  sandstones,  conglomerates,  amygdaloids,  and  traps. 
The  sedimentary  series  do  not  altogether  overlie  the  trappean  beds, 
but  are  near  their  junction  directly  and  unmistakably  interstratiiied 
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with  them.  The  Silurian  rocks  in  Ashland  county  are  in  a  horizontal 
position  in  a  trough  between  two  lines  of  highly  tilted  beds  of  the 
( Jopper-bearing  scries.  At  one  place  the  horizontal  sandstone  is  found 
within  a  few  hundred  feet  of  the  copper-bearing  trap  and  within  2  miles 
of  vertical  sandstones  of  the  same  group. 

In  Douglas  county  the  horizontal  sandstone  is  traceable  to  within  a 
short  distance  of  the  trap,  and  sometimes  to  actual  contact,  the  trap 
dipping,  whenever  it  is  observable,  always  to  the  southward,  and 
having  no  tilted  sandstones  and  conglomerates  associated  with  them. 
As  the  Huronian  and  Copper-bearing  series  are  in  apparent  con- 
formity it  is  concluded  that  they  were  once  spread  out  horizontally 
one  over  the  other,  and  owe  their  present  highly  tilted  position  to  one 
and  the  same  disturbance;  and  subsequently,  after  a  long  period  of 
erosion,  the  horizontal  Silurian  sandstones  were  laid  down  over  and 
against  the  upturned  edges  of  the  Copper-bearing  series 5  and  that 
hence  the  Copper-bearing  series  is  more  nearly  allied  to  the  Archean 
than  to  the  Silurian  rocks.  One  fact  is,  however,  difficult  of  explana- 
tion on  this  hypothesis.  In  Douglas  county  at  several  places  the  hor- 
izontal sandstones,  when  traced  to  their  junction  with  the  southward 
dipping  trap,  present  a  remarkable  change;  the  horizontal  layers  are 
suddenly  seen  to  change  from  their  ordinary  position  to  a  confused' 
mass  of  broken  layers,  dipping  in  every  conceivable  direction  and  in- 
creasing in  confusion  as  the  trap  is  approached,  until  finally  the  whole 
changes  to  a  confused  breccia  of  mingled  trap  and  sandstone  fragments. 
It  is  suggested  that  this  appearance  is  due  to  the  movement  of  the  solid 
trail  northward  against  the  sandstone  since  the  deposition  of  the  latter 
rock.  The  great  lake  Superior  synclinal  of  Copper-bearing  rocks  is 
found  to  extend  west  into  northern  Wisconsin. 

Sweet,129  in  1876,  describes  the  junction  of  the  Laurentian  and  Hu- 
ronian rocks  on  Bad  river.  Here  at  the  base  of  the  Huronian  series  is 
a  siliceous  marble  dipping  to  the  northward  at  an  angle  of  66°,  while 
100  feet  to  the  south  is  a  ledge  of  gneissoid  granite  showing  a  well 
defined  dip  of  77°  to  the  south.  There  can  be  no  doubt  of  the  uncon- 
formability  of  these  formations.  The  Penokee  series  is  found  to  be 
aboii^  5,000  feet  thick,  to  be  everywhere  conformable,  and  to  dip  about 
66°  to  the  north. 

On  the  Chippewa  is  found  a  quartzite  which  has  a  layer  the  lowest 
stratum  of  which  is  a  reddish  metamorphic  conglomerate  having  a 
thickness  of  300  feet.  The  pebbles  of  this  conglomerate  are  either 
jasper  or  amorphous  quartz.  The  conglomerate  and  quartzite  are  dis- 
tinctly and  heavily  bedded.  South  of  this  quartzite  are  syenitic  gran- 
ites which  are  assumed  to  be  of  Laurentian  age,  and  the  quartzites 
and  conglomerates  are  assumed  to  overlie  them  unconformably.  A 
short  distance  north  of  the  mouth  of  Snake  river  cupriferous  melaphyres 
and  amygdaloids  are  overlain  by  horizontal  beds  of  light  colored  Pots- 
dam sandstone,  while  a  few  miles  to  the  north  conglomerates  and  shales 
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conformably  overlie  the  cupriferous  strata.  The  conglomerate  is  heav- 
ily bedded,  but  does  not  cover  the  melaphyres  and  amygdaloids  at  all 
points,  appearing  to  fill  pockets  and  depressions  in  them  rather  than 
being  interstratified.  At  St.  Croix  falls  on  the  St.  Croix  river  Pots- 
dam sandstone  containing  fossils  are  found  in  a  horizontal  position  wit  Inn 
a  few  feet  of  the  cupriferous  rocks.  Depressions  and  pockets  in  the  sur- 
face of  the  cupriferous  rocks  are  filled  with  horizontal  layers  of  the 
sandstone,  and  detritus  from  the  crystalline  rocks  are  found  in  its  lay- 
ers. The  lake  Superior  synclinal  is  traced  westward  across  the  state 
©f  Wisconsin  ami  enters  the  state  of  Minnesota.  It  is  then  over  300 
miles  in  length  and  from  30  to  50  miles  in  width. 

Irving,130  in  1877,  summarizes  the  facts  proved  as  to  the  older  rock 
series  of  Wisconsin.  There  are  here  four  series:  The  oldest  (1)  are 
gnrisses  and  granites  with  other  rocks;  these  are  overlain  uncon- 
formable by  (2)  a  series  of  quartzites,  schists,  diorites,  etc.,  with  some 
gneiss  and  granite;  these  in  turn  are  overlain — probably  also  uncon- 
formably,  but  this  is  not  certainly  proved — by  (3)  the  Copper  series, 
which  includes  greenstones  and  melaphyres  and  also  great  thicknesses 
of  interstratified  sandstone,  melaphyres,  amygdaloids,  and  shales,  the 
whole  having  a  thickness  of  several  miles;  these  finally  are  unconform- 
ably  covered  by  (1)  a  series  of  unaltered  horizontal  sandstone  including 
numerous  fossils,  many  of  which  are  closely  allied  to  those  of  the  Pots- 
dam sandstone  of  New  York,  and  all  of  which  have  a  marked  Primor- 
dial aspect.  To  the  Laurentian  and  Huronian  systems  of  Canada  are 
referred  (1)  and  (2)  because  they  bear  the  same  relations  to  one  another 
and  to  the  Copper  series  that  these  systems  do. 

The  exact  junction  between  the  Potsdam  sandstone  and  the  Huro- 
nian quartzite  is  seen  at  numerous  places.  The  Potsdam,  containing 
fossils  and  numerous  fragments  from  the  older  rocks,  lies  upon  and 
wedged  in  between  the  tilted  ledges  of  the  Huronian.  Exactly  similar 
unconformability  is  to  be  seen  at  the  Dalles  of  the  St.  Croix  between 
the  Potsdam  and  Copper  series. 

Wight,131  in  1877,  describes  the  horizontal  Potsdam  sandstone  as 
resting  on  the  uneven  and  tilted  surface  of  the  underlying  igneous  or 
crystalline  rocks  at  St.  Croix  falls.  Almost  in  contact  with  the  trap 
the  sandstone  contains  numerous  well  preserved  fossils.  At  Pine 
island  in  Kettle  river  the  Superior  red  sandstone  contains  abundant 
fragments  of  the  adjacent  trap,  forming  a  brecciated  conglomerate  kin- 
dred to  the  conglomerate  which  extends  from  Keweenaw  point  along 
the  northern  base  of  the  Porcupine  and  Penokee  mountains.  Every- 
where this  conglomerate  is  composed  of  fragments  of  the  more  elevated 
Huronian  or  trap  ridges.  The  Superior  red  sandstone,  wherever  it 
borders  the  trap  ridges,  shows  that  it  has  been  tilted,  broken  up.  or 
(crushed.  It  appears  that  the  trap,  whether  erupted  or  upheaved  con- 
vulsively or  slowly,  encountered  this  formation  in  its  ascent.     On  the 

ntrary,  the  Potsdam   sandstone  everywhere  rests  in  a  horizontal 
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undisturbed  position  on  the  bedding  of  the  trap.  Either  the  Superior 
red  sandstone  is  older  than  the  Potsdam  or  the  trap  rocks  in  conjunc- 
tion with  the  Superior  red  sandstone  are  younger  than  those  in  con- 
junction with  the  Potsdam. 

Chamberlin,132  in  1877,  describes  the  Archean  rocks  which  in  the 
eastern  part  of  Wisconsin  protrude  but  are  not  intrusive  in  the  Pale- 
ozoic formations.  These  are  the  Muliwa  granite,  the  Berlin  porphyry, 
the  Pine  bluff  quartz-porphry,  the  Marquette  quartz-porphyry  and  the 
quartzites  of  Portland  and  Waterloo.  The  porphyries  are  found  to* 
have  obscure  but  distinct  bedding.  The  metamorphosed  quartzites 
show  ripple  marks  and  contain  conglomeratic  layers.  The  Potsdam 
sandstone  and  Lower  Magnesian  limestone  rest  in  a  horizontal  position 
against  and  contain  fragments  from  the  crystalline  rocks.  The  quartz- 
ites are  regarded  as  originally  sandstones  and  conglomerates  which 
were  metamorphosed  before  the  deposit  of  the  neighboring  horizontal 
rocks,  and  which  have  been  tilted  and  eroded  before  the  stratified  rocks 
were  deposited.  These  quartzites  are  regarded  as  a  portion  of  the  Bar- 
aboo  quartzite  series. 

Irving,133  in  1877,  describes  the  Archean  rocks  which  cover  all  of 
Marathon,  most  of  Wood,  and  much  of  Clark,  Jackson  and  Portage 
counties,  in  Wisconsin.  The  Laurentian  is  a  great  mass  of  crystalline 
rocks,  granite,  gneiss,  chloritic,  micaceous  and  hornblendic  schists  which 
are  folded  and  eroded  so  as  to  offer  the  greatest  obstacles  to  their  de- 
tailed  study.  On  the  south  side  of  the  Laurentian  core,. on  Black  river, 
and  in  isolated  masses,  are  ferruginous  schists,  quartzites,  and  quartz- 
porphyries,  which  are  probably  Huronian.  The  presence  of  these  rocks 
on  the  south,  the  quartzites  of  Chippewa  and  Barron  counties  on  the 
west,  and  the  Huronian  rocks  of  the  Penokee  range  on  the  north  leads \ 
to  the  suggestion  that  the  Huronian  rocks  entirely  surround  the  Lauren- 
tian core  of  northern  Wisconsin.  The  line  of  junction  between  the; 
Archean  area  and  the  Potsdam  formation  to  the  south  is  exceedingly 
irregular.  The  latter  always  rests  in  a  horizontal  position  upon  the; 
crystalline  formations  with  the  most  marked  unconformability,  the  ex-i 
act  contacts  being  found  at  several  places.  The  most  abundant  of  the; 
crystalline  rocks  is  gneiss,  and  the  original  bedded  condition  of  the; 
whole  series  is  evident,  not  only  by  a  prevailing  gneissoid  and  schistose] 
character,  but  also  by  the  existence  of  distinct  bedding  planes  which ; 
can  generally,  even  in  the  granitoid  kinds  of  rocks,  be  readily  made  out.' 
The  processes  of  metamorphism  and  disturbance  have  been  carried  to« 
the  last  extreme,  as  shown  by  the  highly  crystalline  character  of  thej 
rocks  and  the  fact  that  the  gneiss  grades  into  granite,  as  well  as  byj 
the  greatly  contorted  condition  of  the  gneiss  laminae  and  the  close  fold-; 
ing  of  the  whole  series.  While  the  series  as  a  whole  is  bedded,  dis-i 
tinctly  intrusive  granite  occurs,  as  shown  by  the  way  in  which  it  joins  '■ 
and  penetrates  the  bedded  rocks.  The  main  area  of  the  crystalline' 
rocks  certainly  belongs  to  the  Laurentian,  and  a  small  area  only  on  the] 
south  of  the  district  is  doubtfully  Huronian. 
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Very  numerous  details  are  given  as  to  particular  localities,  showing 
the  manner  of  occurrence  and  relations  of  the  different  varieties  of 
rocks  and  the  unconformities  which  exist  between  them  and  the  Silu- 
rian. On  Mosinee  and  Rib  hills  are  found  large  exposures  of  quartzite. 
At  Black  river  falls  the  regularly  bedded  succession  of  highly  tilted 
strata  of  many  members  consists  in  large  part  of  regularly  laminated 
schistose  rocks,  such  as  ferruginous  quartz-schist  and  magriesian  schist 
or  slate,  having  together  an  approximate  thickness  of  at  least  5,000 
feet.     Gneiss  and  granite  are  also  here  found. 

Isolated  from  the  main  Archean  area  are  quite  numerous  exposures 
of  crystalline  rocks  which  protrude  in  mound-like  forms  from  beneath 
the  horizontal  strata.  The  largest  of  these  are  the  quartzite  ranges  of 
Baraboo.  About  many  of  these  areas  are  found  horizontal  sandstone 
lying  immediately  against  the  tilted  crystalline  rocks  and  carrying  peb- 
bles and  bowlders  derived  from  them,  proving  that  they  are  all  of 
greater  antiquity  than  the  surrounding  sandstone  layers.  These  rela. 
tions  are  particularly  well  shown  in  the  Baraboo  quartzite  ranges.  Aside 
from  these  ranges,  the  more  important  areas  are  the  Marcellon,  Observ- 
atory hill,  Moundville,  Seneca  (Pine  bluff),  Marquette  and  Berlin 
quartz-porphyries,  the  Montello  and  Marion  granites,  and  the  Necedah 
quartzite. 

Irving,134  in  1878,  describes  at  Potato  river  the  siliceous  slate,  one 
of  the  lower  members  of  the  Huronian,  as  in  contact  with  the  chloritic 
gneiss  of  the  Laurentian.  The  slate  inclines  at  a  high  angle  to  the 
north,  while  the  gneiss  layers  dip  to  the  south  and  strike  in  a  direction 
oblique  to  that  of  the  slate  layers. 

Chamberlin,135  in  1878,  describes  ou  the  Gogogashugun,  in  the 
Penokee  district,  the  exact  junction  between  the  Laurentian  and  Hu- 
ronian series.  The  Laurentian  member  consists  of  a  peculiar  gneissoid 
rock  like  that  which  occupies  a  similar  relation  at  Penokee  gap.  The 
Huronian  lies  in  absolute  contact  with  this.  Its  siliceous  material  at 
the  time  of  its  deposition  so  insinuated  itself  into  the  irregularities  of 
fche  surfaces  of  the  gneiss  that  the  two  formations  are  interlocked,  and 
a  hand  specimen  was  obtained,  one  portion  of  which  is  Laurentian 
gneiss  and  the  other  Huronian  schist,  the  two  being  unconformable, 
rhe  Huronian  siliceous  schists  are  overlain  by  beds  of  white  and  red 
piartzite,  and  these  graduate  into  alternating  layers  of  quartzite  and 
ron  ore.  The  iron  ore  horizon  is  here  hematitic  and  soft,  but  is  the 
equivalent  of  the  hard  magnetic  horizon  to  the  west.  In  this  part  of 
3he  belt  is  presented  the  greatest  probabilities  of  the  existence  of  work- 
ible  ore. 

Irving,136  in  1880,  gives  a  comprehensive  account  of  the  general 
structure  of  northern  Wisconsin.  Here  are  found  four  great  systems? 
;he  Laurentian,  Huronian,  Keweenawan,  and  Lower  Silurian,  all  of 
Lhich  are  unconformable  with  each  other.  The  rocks  of  the  crystal- 
line nucleus  are  correlated  with  the  Laurentian  of  Canada  because  they 
sustain  the  same  structural  relations  to  the  Huronian,  Keweenawan, 
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and  Lower  Silurian  as  does  the  typical  Laurentian  of  Canada,  and  be- 
cause they  have  the  same  general  lithological  peculiarities.  There  can 
be  no  reasonable  doubt  that  they  are  directly  continuous  with  the 
Canada  Laurentian.  The  prevailing  rocks  are  granite  and  gneiss. 
These  rocks  are  greatly  folded  and  have  certainly  an  enormous  thick- 
ness.    It  is  evident  that  these  rocks  are  of  true  sedimentary  origin. 

The  granites  are  generally  without  distinct  bedding,  but  no  eruptive 
granite  recognizable  as  such  has  been  observed. 

Lying  immediately  against  the  Laurentian,  and  sharply  defined  from 
it,  extending  from  Montreal  river  to  lake  Numak agon,  is  a  belt  of  schis- 
tose rocks  which  are  beyond  question  the  westward  extension  of  the 
iron-bearing  series  of  the  upper  peninsula  of  Michigan.  This  belt  has 
an  aggregate  thickness  of  strata  of  13,000  feet.  The  subdivisions,  be- 
ginning below,  are  (1)  crystalline  limestone  ;  (2)  quartz-schist  and  argil- 
litic  mica-schist;  (3)  tremolitic  magnetite-schists,  magnetic  and  specular 
quartzites,  lean  magnetic  and  specular  ores;  (4)  alternations  of  black 
mica- slate  with  diorite  and  schistose  quartzites;  (5)  mica-schists  with 
coarse  intrusive  granite.  These  major  divisions  are  again  subdivided 
at  Penokee  gap  and  vicinity.  The  system  always  dips  north,  usually 
at  a  high  angle,  the  strikes  are  oblique  to  the  underlying  Laurentian 
gneiss,  proving  the  un  conform  ability  of  the  two  systems,  the  actual 
contact  of  which  can  be  seen  in  several  places.  These  rocks  are  re- 
garded as  the  equivalent  of  the  Huronian  of  Canada,  because  they  are 
the  direct  continuation  of  the  iron-bearing  system  of  Marquette,  because 
the  grand  divisions  of  the  Bad  river  and  Marquette  system  are  simi- 
lar, because  they  show  the  same  relations  to  the  Laurentian  and  Ke- 
weenawan systems  as  found  in  the  Huronian  of  Canada,  i.  e.,  newer 
than  the  former  and  older  than  the  latter,  and  because  the  Marquette 
and  Menominee  sediments  are  in  unconformable  contact  with  the  Lower 
Silurian  sandstone. 

The  Keweenawan  system  is  a  distinctly  stratified  one,  in  large  meas 
ure  made  up  of  eruptive  rocks  in  the  form  of  flows.    These  constitute 
the  lower  10,000  feet  of  the  system,  and  above  these  are  found  the  de 
trital  rocks,  increasing  in  frequency,  until  they  wholly  exclude  the  igne- 
ous rocks  in  the  upper  15,000  feet.    The  eruptives  of  the  system  are 
chiefly  diabase,  melaphyre,  and  gabbro.    The  succession  on  the  Mon- 
treal river  is  (1)  chiefly  diabase  and  diabase  amygdaloid,  with  littl 
satisfactory  appearance  of  bedding  and  having  a  width  of  about  33,00 
feet;  (2)  alternations  of  (1)  with  red  sandstone  and  shale,  1,200  feet;  (3 
bowlder  conglomerate,  1,200  feet;  (4)  alternations  of  shale  and  quartz 
less  sandstone,  350  feet;  (5)  red  sandstone  and  shale,  12,000  feet.    If 
the  series  is  regarded  as  a  continuous  one  it  is  at  least  50,000  feet  thick/ 
There  are  two  prominent  belts  of  the  Keweenaw  rocks  in  northern  Wis- 
consin lying  parallel  to  each  other  and  having  between  them  a  synclinal ; 
depression  which  is  occupied  by  Chequamegon  bay.     The  Keweenawan 
system  is  evidently  newer  than  the  Penokee  system.    That  the  two  sys- ; 
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terns  are  actually  nonconformable  in  these  regions  is  not  evident,  for 
in  sections  the  dip  in  passing  from  one  to  the  other  is  generally  nearly 
bhe  same.  That  there  is  a  real  unconformity  is  indicated  by  the  facts 
(1)  that  in  passing  westward  irom  Penokee  gap  the  uppermost  beds  of 
bhe  Huronian  are  gradually  cut  off  by  the  gabbro  that  forms  the  base 
[>f  the  Keweenaw  series;  (2)  that  there  is  not  an  absolute  conformity  in 
dip  between  the  Huronian  and  Keweenawan  rocks ;  (3)  west  of  lake 
Numakagon  the  diabases  and  other  eruptive  rocks  of  the  Keweenaw 
series  appear  completely  to  cover  the  Huronian. 

The  lake  Superior  sandstone  is  always  in  a  horizontal  position  and  is 
more  highly  siliceous  than  the  sandstones  of  the  Keweenawan  system. 
A.t  the  St.  Louis  river  it  overlies  unconformably  the  Huronian  schists, 
[n  Douglas  county  are  several  junctions  of  the  sandstone  with  the  Ke- 
weenawan rocks.  Here  the  horizontal  sandstones  in  approaching  the 
eruptive  rocks  of  the  Keweenawan  system  are  found  to  be  brecciated 
and  tilted,  the  original  lines  of  deposition  being  sometimes  entirely 
obliterated.  These  peculiar  appearances  are  regarded  as  due  in  part  to 
the  naturally  confused  mode  of  deposition  on  the  cliffy  shore  in  which 
bhe  sandstone  was  originally  deposited;  but  a  slight  movement  of  the 
deep-seated  crystalline  rocks  against  the  more  superficial  sandstones 
would  also  account  for  much  of  the  phenomena.  That  the  sandstone 
formation  rests  unconformably  upon  th  Keweenawan  system  is  further 
mown  by  the  fact  that  in  the  Dalles  of  the  St.  Croix  the  horizontal 
sandstone  and  shales,  with  characteristic  Primordial  fossils,  lie  upon 
bhe  irregular  and  eroded  surface  of  a  Keweenawan  melaphyre. 

The  Penokee  series  is  compared  with  the  Marquette  Huronian  and 
there  is  found  to  be  a  general  likeness  in  the  rock  succession  in  the  two 
regions.  Very  numerous  detailed  sections  and  outcrops  at  particular 
localities  are  fully  described  and  mapped. 

Wright,137  in  1880,  describes  the  Huronian  series  west  of  Penokee 
^ap.  The  succession  here  found  is  limestone,  chloro-silicious  schists, 
^uartzites,  magnetic  schists,  Keweenawan;  the  magnetic  schists  being 
occasionally  interstratitied  with  greenstone.  At  Penokee  gap  is  found 
idolomitic  limestone  overlain  with  quartzite  and  chloro-siliceous  schists, 
^hich  rest  unconformably  upon  the  Laurentian  rocks.  The  Huronian 
ocks  here  have  a  dip  of  66°  to  the  north,  while  the  Laurentian  rocks 
lave  a  southern  inclination  from  65°  to  80°.  West  of  Numakagon  lake 
he  magnetic  attractions  are  found  to  cease  and  the  Copper- bear  mi- 
series and  granite  belonging  to  the  Laurentian  are  found  in  direct  con- 
act.  This  appearance  is  regarded  as  being  due  to  the  covering  up  of 
he  Lower  Huronian  by  the  Copper-bearing  rocks. 

Sweet,138  in  1880,  describes  the  geology  of  the  western  lake  Superior 
li strict.  The  geological  formations  here  found  comprise  the  Laurentian, 
luronian,  and  Keweenawan  systems.  The  Keweenawan  rocks  are  found 
u  a  great  synclinal.  In  northern  Wisconsin,  below  the  Keweenawan, 
lo  southward  dipping  rocks  are  found  referred  to  the  Huronian,  but  in 
Bull.  86 8 
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Minnesota,  along  the  St.  Louis  river  are  strata  which  occupy  a  position 
inferior  to  the  Keweenawan  series,  are  lithologically  like  the  slates  of 
Ashland  county,  and  are  cut  by  numerous  dikes  in  lithological  char- 
acter precisely  like  the  rock  at  the  base  ot  the  Copper-bearing  series. 
They  are  hence  regarded  as  Huronian.  The  Copper-bearing  strata  con- 
sist of  a  detrital  upper  portion  of  sandstones,  conglomerates,  and  breccias, 
having  a  maximum  thickness  of  9,000  feet,  and  of  eruptive  strata,  con- 
sisting of  melaphyre,  diabase,  porphyry,  gabbro,  etc.,  having  an  appar- 
ent maximum  thickness  of  over  36,000  feet.  The  quartzites,  siliceous 
schists  and  chloritic  slates  along  the  St.  Louis  river,  referred  to  the 
Huronian,  are  many  thousand  feet  thick.  Upon  the  St.  Louis  slates  at 
one  place  the  lake  Superior  red  sandstone  and  conglomerate  repose 
un  con  form  ably.  The  Keweenawan  eruptiverocks  are  bedded.  They  have 
a  very  persistent  and  quite  uniform  dip  and  strike  in  any  given  locality. 
The  layers  are  seldom  less  than  a  foot  or  two  in  thickness  and  are  more 
often  many  feet  thick,  so  as  to  give  an  exposure  an  unstratified  appear- 
ance. On  one  side  of  each  layer  is  a  precipitous  and  somewhat  jagged 
ridge,  owing  to  the  exposure  of  the  edge  of  the  layers,  while  on  the  other 
side  the  soil  descends  with  the  inclination  of  the  bedding. 

As  to  the  age  of  the  Copper-bearing  series,  it  can  be  only  said  that 
they  are  older  than  the  lake  Superior  red  sandstone ;  for  when  the  latter 
is  conglomeratic  the  pebbles  are  almost  invariably  derived  from  the 
Keweenaw  series.  Also  the  perfectly  horizontal  sandstones  approach 
in  that  condition  within  15  or  20  feet  of  the  dipping  crystalline  rocks; 
and  from  this  it  is  assumed  that  they  unconformably  overlie  them.  At 
Black  river  falls  on  the  lower  Black  river,  at  the  gorge  of  Copper  creek, 
and  along  the  west  bank  of  Middle  river,  the  horizontal  sandstones  are' 
found,  in  approaching  the  eruptives  of  the  Copper-bearing  series,  to  be- 
come uptilted,  breccia  ted,  and  in  some  cases  conglomeratic,  and  some- 
times wholly  lose  their  structure.  The  eruptives  in  all  these  cases  dip 
away  from  the  uptilted  sedimentary  rocks. 

Chamberlin  and  Strong,159  in  1880,  describe  the  geology  of  the 
upper  St.  Croix  district.  The  Keweenaw  series  is  composed  of  twc 
classes  of  rocks,  massive  crystalline  beds  which  owe  their  origin  to  th^< 
succession  of  outflows  of  molten  rocks,  and  conglomerates,  sandstones 
and  shales  derived  from  the  wear  of  these  igneous  rocks  and  from  the- 
older  formations.  They  are  in  part  mterstratined  with  the  igneous 
rocks  and  in  part  overlie  them.  The  eruptives  are  mainly  diabase  and 
diabase  amygdaloid,  although  melaphyre  is  found.  The  Keweenawar. 
beds  were  deposited  in  essentially  a  horizontal  condition,  were  bent  intc 
their  present  trough-like  form,  and  ercded,  and  upon  their  upturned' 
edges  was  deposited  the  Potsdam  sandstone.  This  is  shown  by  the  faci 
that  at  St.  Croix  falls  the  horizontally  stratified  sandstone  is  found  with 
in  a  few  feet  of  an  exposure  of  highly  inclined  Keweenawan  melaphyre 
containing  numerous  fragments  derived  from  it.  This  sandstone  has 
characteristic  Potsdam  fossils.    At  one  place  near  the  falls  the  Potsdam  I 
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found  directly  superimposed  in  a  small  gorge  upon  the  melaphyre.  The 
melaphyre  is  cut  by  vertical  planes  of  division  which  are  quite  smooth 
and  uniform;  but  there  is  another  persistent  set  which  is  much  less 
smooth,  but  persistent  and  constant  in  direction.  These  planes  are 
usually  m  detail  slightly  uneven  and  undulatory,  and  separated  by  sev- 
eral feet.  They  are  believed  to  represent  the  dip  of  the  igneous  beds. 
It  is  upon  the  persistence  of  these  inclined  beds,  taken  in  connection 
with  their  parallel  lithological  habit,  that  the  determinations  of  dip  are 
made.  Outside  of  the  district  the  northward  dipping  diabase  is  found 
on  one  side  of  the  Numakagon  river,  while  upon  the  other  is  seen  the 
Laurentian  granite. 

Brooks,140  in  1880,  gives  the  geology  of  the  Menominee  iron  region. 
The  Lower  Silurian  sandstone  is  found  capping  the  older  rocks  near 
lake  Eliza.  The  Laurentian  granite,  gneiss,  and  crystalline  schist  series 
is  not  subdivided.  No  limestones,  dolomitic  marbles,  conglomerates, 
calcareous  or  arenaceous  chloritic  schists  are  considered  as  belonging 
to  the  Laurentian  system.  It  is  not  certain  whether  this  series  occurs 
in  Wisconsin  within  the  area  surveyed. 

The  Huronian  series  is  divided  into  lower,  middle,  and  upper  divi- 
sions. The  lower  division  comprises  the  lower  quartziteof  great  thick- 
ness, the  great  marble  formation,  and  the  great  iron  ore  horizon  con- 
taining magnetic,  hematitic,  and  jaspery  schists  as  well  as  deposits  of 
iron.  The  middle  Huronian  comprises  quartzites,  clay-slates,  and  ob- 
scure soft  schists.  The  upper  Huronian  includes  mica-schists,  gneisses, 
and  granite,  the  last  of  which  may  possibly  be  eruptive,  but  is  the 
topmost  member  of  the  Huronian  succession.  Interstratified  with  the 
Huronian  are  diorites,  diabases,  gabbros  and  greenstones,  and  green- 
stone schists,  which  are  believed  to  be  conformable  beds  of  metamor- 
phosed sediments.  They  are  never  found  in  the  form  of  dikes.  The 
thickness  of  the  Huronian  in  the  Menominee  is  not  far  from  10,000  to 
15,000  feet.  There  is  great  difficulty  in  ascertaining  exactly  the  thick- 
ness on  account  of  the  sharp  folds,  where  thick  beds  double  back  upon 
themselves.  This  especially  affects  the  quartzites,  clay-slates,  and 
greenstones.  The  relative  proportions  of  the  different  kinds  of  rocks  of 
the  Huronian  and  a  correlation  of  the  successions  in  various  districts  of 
the  Menominee  are  given,  and  the  twenty  members  (including  the  upper 
granite)  are  correlated  in  detail  with  successions  north  of  lake  Huron, 
md  in  the  Marquette,  Gogebic,  Penokee,  and  central  Wisconsin  regions. 
The  resemblance  between  the  Marquette,  Menominee,  Sunday  Lake, 
bird  Penokee  series  are  so  numerous  as  to  point  unmistakably  to  their 
laving  been  formed  in  one  basin  under  essentially  like  conditions. 
Detailed  sections  and  maps  of  the  rock  exposures  are  given  at  numerous 
joints.  The  youngest  Huronian  member,  tin'  granite,  hasa  wide  extent. 
¥hile  this  is  true,  granite  dikes  are  rare  in  the  Menominee  Huronian 
nd  have  never  been  observed  in  the  Marquette  series.  No  rocks 
ffording  the  slightest  suggestion  of  conglomeratic  structure  have  been 
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found  in  the  Laurentian,  its  rocks  always  being  much  metamorphoset 
and  often  so  much  as  to  destroy  all  traces  of  bedding.  Underlying  tin 
quartzite  at  Sturgeon  river  falls  is  a  schist-conglomerate  which  ha* 
numerous  pebbles  of  what  appear  to  be  granite  and  gneiss  from  tin 
adjacent  Laurentian.  In  the  Pine  and  Poplar  river  regions  is  founc 
conglomeratic  quartz-schist  containing  micaceous  iron  and  magnetite 
In  the  Commonwealth  section  are  included  quartz-schists  which  ar« 
conglomeratic,  containing  pebbles  of  white  quartz  and  jasper.  Ther* 
are  also  found  in  the  upper  beds  of  the  Huronian,  conglomeratic  mica 
ceous  quartz-schists.  At  various  places  granites  and  gneisses  overlh 
conformably  the  younger  Huronian  schists,  into  which  they  send  dikes 
As  the  evidence  of  bedding  is  rare,  it  is  possible  that  toward  the  enc 
of  the  Huronian  period  there  was  a  great  eruptive  overflow  of  these 
rocks.  Cutting  the  Laurentian  rocks  in  all  directions  are  dike-lik( 
masses  of  granite  and  greenstone.  The  abundant  greenstone  dikes  o 
the  Laurentian  are  much  more  common  than  in  the  Huronian,  anc 
resemble  the  Huronian  bedded  diorites.  It  is  suggested  that  thes< 
dikes  have  afforded  the  material  for  the  greenstones  and  related  schist* 
of  the  Huronian.  May  not  also  considerable  of  the  magnetite  come 
from  the  same  source  f 

Wright,141  in  1880,  in  describing  the  western  and  southern  extensioi 
of  the  Menominee  range,  states  there  can  be  no  doubt  that  the  granite 
is  younger  than  the  lower  Huronian.  This  latter  dips  under  the  former 
and  veins  of  the  former  penetrate  the  latter,  but  whether  it  belongs  t< 
the  lower  Huronian  is  an  open  question. 

Strong,  Sweet,  Brotherton  and  Chamberlin,142  in  1882,  furthe: 
describe  the  quartzites  of  Barron  and  Chippewa  counties.  They  an 
found  in  several  localities  to  contain  beds  of  conglomerate,  to  have  no 
infrequently  distinct  bedding,  and  to  contain  locally  beds  of  pipestone 

King,143  in  1882,  describes  the  rocks  of  the  upper  Flambeau  valley 
They  are  found  to  be  mainly  granite,  gneiss,  hornblende-schist  anc 
mica-schist,  and  are  all  referred  to  the  Laurentian. 

Irving  and  Van  Hise,144  in  1882,  describe  the  crystalline  rocks  o 
the  Wisconsin  valley.  The  crystalline  rocks  here  found  are  a  grea 
series  of  schistose  gneisses.  Alternating  with  these  are  finer  graineli 
and  more  highly  lamellar  schists.  Intersecting  the  gneiss  are  dike 
of  various  basic  rocks,  while  structureless  masses  of  granite,  presumi 
ably  intrusive,  are  also  found.  In  the  vicinity  of  Wausau  are  argilla 
ceous  quartz  schists  and  quartzites,  which  on  lithological  ground  maj 
be  referred  to  the  Huronian,  although  of  the  structural  relations  of  thesi 
rocks  with  the  Laurentian  gneisses  nothing  is  known. 

Chamberlin,145  in  1883,  gives  a  systematic  account  of  the  geology 
of  Wisconsin.  The  rocks  of  Laurentian  age  are  mainly  of  the  granitj 
type,  consisting  largely  of  granites,  gneisses,  syneites,  hornblendic 
micaceous,  and  chloritic  schists,  with  allied  rocks.  These  are  associate( 
with  igneous  diabase,  diorites,  and  similar  rocks.    This  series  is  re 
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yarded  as  a  sedimentary  accumulation,  on  the  grounds  (1)  of  foliation 
jud  stratification;  (2)  of  the  alternating  bands  of  varying  chemical  consti- 
ution ;  (3)  of  the  verging  of  one  kind  of  rock  into  another  laterally ;  and 
4)  of  the  presence  of  kinds  of  rocks  not  known  to  be  produced  by 
gneous  agencies.  The  thickness  of  these  sediments  is  enormous.  An 
stiinate  of  30,000  feet  is  probably  not  too  great. 

The  calcareous  and  carbonaceous  beds  of  the  Laurentian  of  Canada, 
,s  well  as  the  Archean  limestones  and  iron  ore  beds  of  New  York,  are 
onsidered  to  be  Huronian  rather  than  Laurentian,  and  if  this  is  so, 
here  is  present  in  the  Laurentian  no  positive  evidence  of  life,  although 
investigations  in  the  future  may  reveal  evidences  of  organic  beings.  The 
Levelopment  of  life  in  the  Primordial  is  so  abundant  as  to  lead  to  the 
onclusion  that  for  its  evolution  to  this  degree  of  perfection  a  vast 
>rior  period  of  time  was  required  which  probably  would  carry  the  life 
rell  down  into  the  Laurentian  series.  It  is  further  suggested  that  the 
abundance  of  alkaline  rocks  in  the  Laurentian  may  be  due  to  the  effects 
»f  life  in  the  Laurentian  ocean. 

Between  the  Laurentian  and  Huronian  periods  the  Laurentian  beds 
rere  closely  folded ;  the  sediments  were  changed  by  metamorphism  to  a 
horoughly  crystalline  condition,  and  the  series  was  profoundly  eroded. 
Ibout  the  thus  formed  Laurentian  isles  was  deposited  the  Huronian. 
?his  comprises  the  Penokee  series,  the  Menominee  series,  the  Baraboo 
[iiartzites,  the  quartz -porphyries  of  central  Wisconsin,  the  quartzites 
nd  catlinite  of  Barron  and  Chippewa  counties,  and  the  iron-bearing 
eries  of  Black  river  falls.  These  series  consist  for  the  most  part  of 
imestones,  slates,  sometimes  heavily  carbonaceous,  quartzites,  heina- 
itic  and  magnetitic  schists,  mica-schists  and  diorites.  The  presence  of 
imestones,  carbonaceous  shales,  and  iron  ore  are  taken  as  the  evidence 
»f  life.  After  the  deposition  of  the  Huronian  it  was  upheaved,  meta- 
aorphosed  and  eroded  before  the  beginning  of  Keewenawan  time, 
although  the  unconformity  between  the  two  series  in  Wisconsin  is 
>ut  slight  and  the  above  changes  were  only  partially  accomplished 
trhen  the  Keweenawan  eruptions  began.  The  metamorphism  was  less 
n  degree  than  that  which  has  affected  the  Laurentian  strata,  but  is 
Qore  intense  than  that  which  the  Keweenawan  series  has  suffered.  It 
\ras  not  in  general  sufficient  to  obliterate  the  original  grains  and  peb- 
)les,  nor  to  destroy  ripple  and  rill  marks.  In  the  Huronian  strata  are 
gneous  beds  and  dikes  of  gabbros,  diabases,  and  diorites,  the  age  of 
rhich  is  not  certain.  They  may  be,  so  far  as  yet  known,  in  part  cou- 
emporaneous  and  in  part  subsequent,  or  wholly  the  one  or  the  other. 

The  rocks  of  the  Keweenawan  period  consist  of  interstratified  igne- 
us  and  sedimentary  beds;  the  former  mainly  diabases,  with  some 
abbros,  melaphyres,  and  porphyries;  the  latter  conglomerates,  sand- 
tones,  and  shales,  derived  mainly  from  the  igneous  rocks.  The  maxi- 
aum  thickness  is  about  45,000  feet,  of  which  the  upper  15,000  feet  is 
edimentary.    The  bottom  of  the  lake  Superior  basin  was  gradually 
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subsiding  during  the  time  of  the  formation  of  these  beds.  While  tilted, 
they  are  not  contorted  or  metamorphosed.  There  is  in  this  period  no 
direct  evidence  of  the  existence  of  life.  Over  the  great  conglomerate 
of  the  Penokee  and  Porcupine  mountain  regions  is  a  black  shale  that 
simulates  those  of  later  ages  formed  in  association  with  life.  After 
the  close  of  the  Keweenawan  period,  before  the  Potsdam  sedimentation 
began,  there  was  a  period  of  erosion.  How  great  this  interval  was  has 
not  yet  been  determined;  quite  possibly  the  lower  Cambrian  forma- 
tions of  Great  Britain  and  Bohemia  bridge  the  entire  interval. 

Irving,146  in  1883,  gives  a  systematic  account  of  the  lithology  of 
Wisconsin.  Among  the  eruptive  rocks  are  placed  diabase,  melaphyre, 
gabbro,  norite,  diorite,  peridotite,  syenite,  porphyry,  and  granite. 
Among  the  schistose  rocks  are  gneiss,  mica-schist,  hydromica-schist, 
actinolite- schist,  tremolite- schist,  hornblende- schist,  augite- schist,  chlor- 
ite-schist,  talc-schist,  magnetite- schist,  hematite-schist,  quartz-schist, 
quartzite  in  part,  chert- schist,  and  jasper- schist.  Among  the  half  f rag- 
mental  rocks  are  quartzite,  clay-slate,  and  novaculite.  The  explana- 
tion of  the  origin  of  gneiss  or  lamellar  granite  by  metamorphism,  the 
structure  being  regarded  as  residual  sedimentation,  is  regarded  as  un- 
satisfactory. Many  rocks  which  have  been  called  metamorphic  are 
placed  as  eruptive,  and  it  seems  not  improbable  that  the  same  origin 
is  to  be  attributed  to  some  rocks  with  a  strongly  developed  schistose 
structure.  The  hornblende- schists  are  regarded  as  altered  forms  of 
augite- schists. 

Wooster,147  in  1884,  describes,  upon  the  St.  Croix  river  near  Osceola 
mills,  the  Potsdam  sandstone  carrying  fossils,  which  grades  down  into 
a  conglomerate  containing  pebbles  from  the  Keweenawan,  Laurentian, 
and  Huronian  series.  The  sandstone  and  conglomerate  rest  unconform- 
ably  upon  the  underlying  Keweenawan  rocks. 

Fulton,148  in  1888,  describes  the  Huronian  rocks  of  the  eastern  Me- 
nominee region  as  consisting  of  three  formations.  The  basal  formation 
is  a  crystalline  siliceous  limestone  at  least  1,200  feet  thick,  which  out- 
crops at  many  localities  along  the  range,  especially  north  of  the  Norway, 
Quinnesec,  and  Chapin  mines.  The  next  group,  estimated  at  a  thou- 
sand feet  in  thickness,  is  the  Quinnesec  ore  formation.  It  consists  of 
siliceous  or  jasper  slates,  largely  impregnated  with  iron  oxides.  These 
are  succeeded  by  argillaceous  hydromica  slates  and  flesh-colored  slates. 
This  formation  embraces  the  deposits  of  iron  ore.  The  third  formation 
is  a  series  of  dark  gray,  slaty,  or  schistose  rocks,  with  occasional 
quartzose  bands,  having  a  thickness  of  2,000  feet,  and  is  called  the  lake 
Hanbury  slate  group.  Detailed  sections  at  the  East  Yulcan,  Curry, 
Norway,  Cyclops,  and  Quinnesec  mines  are  described.  In  some  cases 
the  ore  is  associated  with  the  Potsdam  sandstone,  which  rests  unconfor- 
mably  in  a  horizontal  position  upon  the  flexed  and  denuded  Huronian 
rocks.  The  iron  ore  beds  in  the  Huronian  are  generally  associated 
with  aluminous  slates  or  soap  stones. 
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SECTION  V.   WORK  OF   THE  MINNESOTA  GEOLOGISTS  AND  ASSOCIATES. 

Eames,149  in  1866,  mentions  different  crystalline  rocks  as  occurring 
at  many  points  in  northeastern  Minnesota. 

Eames,150  in  1866,  describes  in  Minnesota  various  granitic,  igneous, 
and  metamorphic  rocks.  The  most  prevalent  rocks  found  in  the  north- 
ern part  of  the  state  are  granite,  porphyry,  hornblende  slates,  siliceous 
slates,  trap,  greenstone,  talcose  slate,  primitive  schistose  rock,  gneiss, 
and  Potsdam  sandstone.  The  rocks  of  the  Upper  Mississippi  river  are 
described.  At  Pokegama  falls  the  rock  is  a  quartzite  belonging  to  the 
Potsdam.  There  is  also  found  along  the  river  jasperoid  rock  with  iron 
Dre  and  argillaceous  slate.  In  Stearns  county  are  numerous  exposures 
jf  granite.  The  varieties  of  rocks  in  the  Vermilion  lake  district  are 
found  to  be  very  numerous. 

Hall  (James),151  in  1869,  finds  in  the  vicinity  of  New  IJlm,  on  the  Big 
Dottonwood  river  and.  on  the  Little  Cottonwood,  extensive  exposures 
)f  quartzite.  At  New  Ulm  the  rock  is  shown  to  be  a  metamorphosed 
piartz  rock  or  conglomerate.  This  rock  is  succeeded  below  by  com- 
3act  quartz  rock,  with  beds  of  syenite,  which  graduate  still  lower  into 
mrple  or  reddish  quartz  rock  in  distinct  layers,  alternating  with  shaly 
>eains.  The  quartzite  of  this  region  has  a  thickness  of  not  less  than 
L,500  feet.  At  Redwood  falls  are  found  gneiss  and  granitic  rocks  of 
Laurentian  age.  The  quartzites  are  regarded  as  of  the  age  of  the 
Euronian  of  Canada  and  equivalent  to  the  quartzites  of  Wisconsin. 

White,152  in  1870,  describes  the  quartzites  of  Iowa,  Minnesota,  and 
Dakota.  They  are  completely  metamorphosed,  intensely  hard  rocks, 
ilthough  the  lines  of  stratification  are  distinct  and  there  are  frequently 
seen  distinct  ripple  marks  upon  the  bedded  surfaces.  Not  infre- 
quently the  quartzite  is  conglomeratic.  In  them  no  fossils  have  been 
bund.  They  are,  however,  regarded  as  belonging  to  the  Azoic  age  be- 
cause of  their  complete  metamorphic  character,  because  of  their  dis- 
turbed condition,  and  because  the  Lower  Magnesian  limestone  at  New 
[Jim  rests-upon  the  quartzites  unconformably,  and  in  this  part  of  Noi  I  h 
America  no  disturbances  are  known  to  have  occurred  between  the  com- 
nencement  and  close  of  Paleozoic  time. 

Winchell  (N,  H),153  in  1873,  states  that  the  granitic  and  nieta- 
norphic  rocks  occupy  a  great  portion  of  the  state  of  Minnesota 
Fhese  are  regarded  as  Laurentian  and  Huronian.  Their  lithological 
md  mineralogical  characters  are  complex  and  variable.  The  original 
mcleus  was  granite  and  syenite,  and  around  these  are  arranged  the 
netamorphosed  slates,  and  gneisses  in  upturned  or  even  vertical  beds, 
addle  intercalated  with  them  are  numerous  injected  beds  or  dikes  of 
:rap.  The  Sioux  quartzite  and  those  of  New  Ulm  are  placed  as  a  purl 
)f  the  Potsdam  sandstone.  The  Potsdam  was  laid  down  before  the 
3lose  of  the  volcanic  disturbance,  for  the  St.  Croix  beds  of  later  age 
rest  unconformably  upon  the  Laurentian  as  well  as  upon  the  upturned 
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beds  of  the  Potsdam.  In  lithological  character  the  Potsdam  beds  dif- 
fer from  those  of  the  St.  Croix,  being  hard  and  vitreous  and  usually  of  a 
red  color.    The  Potsdam  has  a  thickness  of  at  least  400  feet. 

Winchell  (N.  H.),154  in  1874,  gives  details  as  to  the  geology  of  the 
Minnesota  valley.  The  quartzites  in  the  vicinity  of  New  Ulm  and  Eed 
stone,  referred  to  the  Potsdam,  are  conglomeratic  in  places.  In  the 
valley  there  are  quite  numerous  outcrops  of  granite  which  are  some- 
times cut  by  trap  dikes.  At  Granite  falls  there  are  sudden  changes 
from  real  granite  to  hornblende  schist. 

Streng  and  Kloos,155  in  1877,  describe  in  the  Upper  Mississippi  a 
set  of  granitic,  syenitic,  dioritic,  and  gabbro-like  rocks  which  are  re- 
ferred to  the  Laurentian,  while  north  of  these  is  a  zone  of  metamorphic 
schist — mica-slate,  talc-slate,  and  clay-slate — with  gneiss-like  rocks, 
which  may  be  Huronian.  South  of  Vermilion  lake  is  a  region  of  gran- 
ite, gneiss,  and  crystalline  slate  which  belong  to  the  Laurentian  forma- 
tion, while  occupying  a  wide  extent  of  country  about  the  St.  Louis 
river  are  roofing  slates  and  quartzites  which  are  probably  the  repre- 
sentative of  the  Huronian.  The  igneous  rocks  at  the  west  end  of  lake 
Superior  are  without  doubt  of  Potsdam  age.  On  the  St.  Croix  river  is 
a  melaphyre  which  lies  unconformably  below  a  sandstone  and  conglom- 
erate bearing  fossils  of  Lower  Silurian  age,  which  relation  points  to 
the  Huronian  age  of  the  melaphyre. 

Winchell  (N.  H.),156  in  1878,  describes  the  crystalline  rocks  along 
the  Northern  Pacific  railroad.  Syenites  and  granites  occur  at  Little 
falls  on  the  Mississippi,  and  at  Thompson  on  the  St.  Louis  river  are 
slates,  the  former  varying  into  a  mica- schist.  In  Pipestone  and  Rock 
counties  are  large  exposures  of  quartzite  which  are  lithologically  like 
those  of  New  Ulm,  and  like  them  are  placed  in  the  Potsdam. 

Winchell  (N.  H.),157  in  1879,  gives  the  geological  results  of  an 
examination  of  the  northeastern  part  of  the  state  of  Minnesota.  The 
formations  that  conrpose  the  coast  line  of  lake  Superior  include,  in  de- 
scending order,  (1)  metamorphic  shales,  sandstones,  and  quartzites  cut 
by  dikes  and  interteedded  with  igneous  rocks,  perhaps  Sir  William 
Logan's  Quebec  group.  (2)  Sandstones,  metamorphosed  into  basalti- 
form  red  rock,  inter  stratified  with  igneous  rock  along  the  Palisades  and 
at  Black  point.  (3)  A  quartzose  conglomerate  at  the  Great  Palisades 
and  at  Portage  bay  island.  (4)  The  quartzites  and  slates  of  Grand 
Portage  bay.  (5)  The  jasper,  flint,  and  iron-bearing  belt  of  Gunflint 
lake,  Vermilion  lake  and  Mesabi.  (6)  The  slates  and  schists  which  the 
Canadian  geologists  designate  Huronian.  (7)  Syenites,  granites  and 
other  rocks  which  have  been  classed  as  Laurentian.  (8)  The  igneous 
rocks  known  as  the  Cupriferous  series.  The  Cupriferous  series  seems 
to  overlie  several  formations  unconformably,  and  isinterstratified  with 
some  of  the  later,  and  especially  with  Nos.  1  and  2. 

Winchell  (N.  H),158  in  1880,  describes  the  Cupriferous  series  of 
Duluth.     At  Duluth  the  most  important  rock  is  the  gabbro.     This  is 
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ntiinately  associated  with  a  syeuitic  granite  which  is  a  metamorphic 
:ock,  all  stages  being  seen,  from  the  perfectly  crystalline  granite  to  the 
mchanged  sedimentary  layers.  The  Cupriferous  series  is  regarded  as 
Potsdam. 

Upham,159  in  1880,  describes  granites  and  gneisses  at  numerous  locali- 
ties in  the  Minnesota  valley.  In  the  conglomerate  opposite  New  Ulm 
ind  in  the  quartzite  at  Red  stone  are  found  numerous  pebbles  of  quartz 
md  jasper,  but  no  granite  pebbles  are  seen,  although  it  outcrops  close 
to  the  west. 

Hall  (0.  W.),160  in  1880,  describes  the  rocks  between  the  mouths  of 
Poplar  and  Devil's  track  rivers  on  lake  Superior  to  be  dark  colored 
3asic  rocks  of  igneous  origin  belonging  to  the  Cupriferous  series,  with 
:he  exception  of  a  few  beds  of  sandstone  and  conglomerate  interbedded 
mth  the  igneous  rocks.  The  Sawteeth  mountains  are  formed  as  a  re- 
mit of  combined  igneous  action  and  the  folding  of  sedimentary  strata 
md  erosion. 

Winchell  (N.  H.),161  in  1881,  gives  many  details  as  to  the  rocks  of 
lortneastern  Minnesota.  At  Pigeon  point  is  a  massive  bedded  or  jointed 
formation  like  that  at  Duluth,  with  which  it  may  be  parallelized.  The 
tatter  belongs  to  the  Cupriferous  series  and  the  former  to  the  Animikie, 
so  that  the  Animikie  appears  to  be  a  downward  extension  of  the  Cu- 
priferous. At  Mountain  lake  the  hills  are  short  monoclinals  of  gray 
luartzite,  with  beds  of  argillaceous  and  black  slate,  dipping  to  the 
southward  usually  at  an  angle  of  8°  or  10°,  and  covered  with  a  greater 
3r  less  thickness  of  trap  rocks.  In  beds  generally  less  than  50  feet, 
but  sometimes  150  feet  thick,  the  trap  and  slate  dip  together,  so  that 
bhe  hills  have  gradual  slopes  toward  the  south,  and  steep  or  perpen- 
licular  slopes  toward  the  north.  The  quartzite  must  be  an  immense 
formation,  as  it  is  seen  at  Grand  portage  and  all  over  Pigeon  point, 
ind  on  the  islands  of  the  point.  The  quartzite  formation  of  Gunflint 
lake  seems  to  graduate  downward  into  the  irony  and  carbonaceous 
Grunflint  beds.  A  greenish,  schistose,  porphyritic  rock  cut  by  veins  of 
milky  quartz  is  found  in  nearly  a  vertical  attitude  on  Gunflint  lake, 
rhis  is  supposed  to  be  the  Canadian  Huronian,  and  underlies  the 
quartzite  and  Gunflint  beds  apparently  unconformablyj  at  least,  it  is  a 
listinct  formation  from  the  Grand  portage  slates.  The  quartzite  is  locally 
i  quartzite  conglomerate.  The  Knife  lake  serpentinous  quartzite  is 
:egarded  as  Huronian.  On  the  south  side  of  Vermilion  lake  are  beds  of 
asper  and  iron  which  are  regarded  as  the  equivalent  of  the  Gunflint 
3eds.  These  are  conformable  with  the  magnesian  schists  and  slates, 
ivhich  are  in  a  vertical  attitude.  They  pass  down  into  the  schists,  and 
n  places  the  schists  and  schistose  structure  penetrate  the  jasper  and 
ron.  It  l^uggested  that  the  apparent  conformity  between  the  ferru- 
ginous beds  "aud  underlying  slates  and  schists  is  only  a  superinduced 
me,  the  original  bedding,  which  may  have  been  nearly  horizontal,  hav- 
ng  been  obliterated  by  the  change. 
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Winchell  (N.  H.),162  in  1881,  describes  the  Cupriferous  series  of 
Minnesota  as  having'  a  wide  extent.  Iu  passing  from  the  shore  of  lake 
Superior  it  gradually  becomes  more  changed  and  crystalline.  The 
tilted  red  shales,  conglomerates,  and  sandstones  at  Fond  du  Lac  are 
the  same  as  those  associated  with  the  igneous  rocks  all  along  the  shore. 
At  Fond  du  Lac  they  lie  on  a  white  quartz  pebbly  conglomerate  a  few 
feet  in  thickness,  which  rests  unconformably  on  the  roofing  slates  of  the 
Huronian,  the  same  formation  that  succeeds  to  the  red  rock  formation 
at  Ogishki  Manissi  and  Knife  lakes,  northwest  of  Grand  Marais.  The 
Cupriferous  series  differs  from  the  Upper  Laurentian  or  Norian  only  in 
the  absence  of  beds  of  limestones,  but,  as  the  lake  Superior  Cupriferous 
is  Cambrian  or  Lower  Silurian,  it  is  inferred  that  the  so-called  Upper 
Laurentian,  containing  Eozoon  canadense,  is  really  Cambrian  or  Lower 
Silurian. 

Winchell  (N.  H.),163  in  1882,  continues  his  description  of  localities. 
At  Fond  du  Lac  the  detailed  succession  of  sandstones  and  shales  is 
given.  The  flint  and  jasper  formations  of  Gunflint  lake  appear  to  be 
in  apparent  unconformity  with  the  underlying  slates  and  syenites.  On 
Ogishki  Manissi  lake  is  found  a  great  conglomerate.  This  conglomerate 
carries  large  rounded  pieces  of  the  Saganaga  granite,  which  proves 
the  greater  age  of  that  granite  and  the  unconformability  to  it  of  the 
conglomerate.     The  conglomerate  also  contains  red  jasper. 

The  descending  succession  in  northeastern  Minnesota  is  (1)  the  horizon- 
tal quartzites  and  slates  running  from  Grand  portage  to  Gunflint  lake; 
(2)  the  conglomerate;  (3)  jaspery  and  calcareous  Gunflint  beds;  (4) 
gray  marble;  (5)  the  tilted  slaty  Ogishki  Manissi  conglomerate;  (6) 
amphibolitic  and  chloritic  slates;  (7)  mica-schists  alternating  with  syen- 
ite; (8)  syenites  and  granites  of  Saganaga  and  Gull  lakes.  As  to 
whether  the  Gunflint  beds  belong  with  the  schistose  and  tilted  slates 
and  conglomerates  of  Ogishki  Manissi  lake  is  an  open  question,  although 
there  are  several  things  which  indicate  that  they  belong  to  the  same 
series.  The  gabbro  is  found  to  have  a  widespread  extent.  It  is  sug- 
gested that  if  this  gabbro  and  the  associated  red  gneisses  belong  to  the 
Cupriferous,  the  Minnesota  and  Wisconsin  quartzites,  as  well  as  the 
red  gneisses  of  the  Upper  Mississippi  valley,  may  also  belong  to  this 
series.  The  red  syenite  of  Beaver  bay  is  a  metamorphosed  conglome- 
rate which  was  brecciated  and  mingled  with  the  trap.  This  red  rock 
was  fluidized  so  as  to  intrude  itself  in  the  form  of  belts  and  veins.  A 
conglomerate  at  Taylors  falls,  on  the  St.  Croix,  contains  water- worn 
bowlders  and  traps  of  the  region,  but  the  superposition  of  the  conglom- 
erate on  the  trap  can  not  actually  be  seen.  This  sandstone  is  fossil- 
iferous.  It  is  concluded  that  the  Potsdam  is  represented  by  the  copper- 
bearing  series,  while  the  underlying  Animikie  is  equivalent  to  the 
Taeonic  of  Emmons. 

Upham,164  in  1884,  describes  the  crystalline  rock  outcrops  in  central 
Minnesota. 
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Chester,165  in  1884,  describes  the  rocks  of  the  Mesabi  andVerioilion 
hi  ranges.  The  slates  and  schists  on  the  south  side  of  the  Mesabi 
uge  are  nearly  horizontal.  The  rocks  here  found  are  precisely  like 
ose  of  the  Penokee  region  of  Wisconsin,  and  the  two  series  bear  the 
me  relation  to  the  Huronian  series.  The  iron  ore  at  Vermilion  lake 
found  in  connection  with  jasper  and  qnartzite  and  is  intimately 
tflded  with  the  country  rock,  chiefly  sericite-schist,  standing  in  nearly 
perpendicular  position.  These  rocks  are  the  representative  of  the 
ichigan  and  Wisconsin  iron  deposits,  and  there  is  no  doubt  that  they 
dong  to  the  Huronian.  The  Vermilion  deposits  bear  the  same  rela- 
ms  to  the  granite  as  do  those  of  Mesabi,  and  they  are  regarded  as  the 
me  formation. 

Winghell  (N.  H.),166  in  1884,  gives  the  general  succession  of  rocks 
northeastern  Minnesota,  in  descending  order,  as  follows:  (1)  Pots- 
im,  including  the  Keweenawan  sandstones,  shales,  and  conglomerates, 
Langed  by  igneous  gabbros  and  dolerites  locally  to  red  quartzites,  fel- 
tes,  quartz-porphyries,  and  red  granites.  (2)  Taconic  group,  includ- 
g  the  Animikie  series,  the  Gunflint  beds,  the  Mesabi  iron  rocks,  the 
^ishki  Manissi  conglomerate  (?),  the  Thompson  slates  and  quartzites, 
id  the  Vermilion  iron  rocks.  (3)  Huronian  group  (?),  including  mag- 
ssian  soft  schists,  becoming  syenitic  and  porphyritic,  found  on  the 
>rth  side  of  Gunflint  lake,  along  the  national  boundary,  and  at  Ver- 
ilion  lake.  (4)  Montalban  (  ?),  including  mica-schists  and  micaceous 
anites  about  Vermilion  lake  and  on  the  Mississippi  river.  (5)  Lauren - 
m,  including  massive  hornblende- gneiss  and  probably  the  Watab  and 
j.  Cloud  granites.  This  succession  is  parallelized  with  those  of  other 
citers  given  for  the  northwestern  States. 

Winchell  (X.  H.)  and  Upham,167  in  1884  and  1888,  give  detailed 
iological  maps  and  descriptions  of  many  of  the  counties  of  Minnesota, 
hich  include  the  Laurentian  gneisses  and  granites  of  the  Mississippi 
id  Minnesota  rivers,  the  slates  of  the  Upper  Mississippi,  the  quartz- 
es and  conglomerates  of  Cottonwood,  Pipestone,  Rock,  Brown,  and 
[collet  counties,  which  are  regarded  as  Potsdam  sandstone.  The  cop- 
ir-bearing  traps  and  conglomerates  of  Chisago  and  Pine  counties  are 
aced  as  Lower  Cambrian.  These  reports  contain  nothing  as  to  struc- 
ral  relations  not  found  in  the  annual  reports. 

Winchell  (N.  H),168  in  1885,  finds  between  Two  harbors  and  Ver- 
non lake  two  rock  ranges,  the  first  being  Mesabi  proper  and  the 
cond  the  Giant's  range.  Resting  unconformably  upon  the  syenites  of 
ant's  range  are  the  Huronian  conglomerates  and  greenstones  of  Ver- 
lion  lake,  l^rile  south  of  this  range  are  the  slates  and  quartzites  of 
Animikie,  i:l  verlain  by  the  gabbro  and  red  granite  of  the  Mesabi 
»e,  which  is  in  turn  overlain  by  the  trap  rocks  of  the  Cupriferous 
ies.  The  Huronian  is  represented  as  resting  conformably  below  the 
rimikie,  although  not  appearing  at  the  surface.  There  are  three  iron- 
horizons,  the  titanic  iron  of  the  gabbro  belt,  the  iron  ore  of  the 
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Mesabi  range  belonging  in  the  Anhnikie,  and  the  hematite  of  the  Ver 
milion  mines,  which  seems  to  be  the  equivalent  of  the  Marquette  an( 
Menominee  iron  ores. 

Winchell  (N".  H.),169  in  1885,  finds  in  the  red  quartzite  at  Pipestom 
two  fossils,  Lingula  calumet  and  Paradoxides  barberi,  which  are  takei 
as  indicative  that  this  formation,  as  well  as  the  Sioux  quartzite  of  low; 
and  Dakota,  the  Baraboo  quartzites  of  Wisconsin,  the  quartzites  o 
southwestern  Minnesota,  as  well  as  the  associated  red  gneisses,  felsites 
and  felsite-porphyries,  are  all  Primordial. 

Upham,170  in  1885,  gives  descriptions  of  the  quartzites  of  Minnehaln 
county,  Dakota.  These  are  not  infrequently  ripple-marked  and  cons 
glomeratic;  they  are  like  the  quartzites  of  Pipestone  county  in  Minne 
sota,  and,  like  them,  are  placed  in  the  Potsdam. 

Winchell  (N.  H),171  in  1885,  divides  the  crystalline  rocks  of  th( 
northwest  into  six  groups,  in  descending  order:  (1)  A  granitic  anc 
gabbro  group,  whicli  is  a  part  of  Irving's  Cupriferous,  and  is  by  Hunt 
parallelized  with  the  Montalban.  It  includes  rocks  which  have  passed 
for  typical  Laurentian;  while  the  gabbros  are  eruptive  and  are  like  the 
Upper  Laurentian  or  Norian  of  Canada.  The  granites  and  gneisses 
show  evidence  of  metamorphic  origin.  Below  the  granite  and  gabbrc 
is  (2)  a  mica-schist  group.  This  is  penetrated  by  biotite- granite.  (3; 
Is  the  black  mica-slate  group,  whicli  often  contains  graphitic  schists. 
in  which  are  such  ore  deposits  as  the  Commonwealth  mine  of  Wiscon- 
sin. (4)  Is  a  series  of  obscure  hydromicaceous  and  greenish  magnesiaii 
schists,  along  with  quartzites  and  clay  slates,  with  which  are  the  more 
important  bodies  of  hematitic  iron  ores,  including  those  at  Marquette 
and  the  magnetic  belt  at  Penokee.  (5)  Is  the  great  quartzite  and  marble 
group.  It  includes  the  marble  of  Menominee  and  marble  and  lowei 
quartzite  of  Marquette,  the  great  conglomerate  of  Ogishki  Manissi  lake 
and  the  lower  slate-conglomerates  of  Canada.  In  (6)  are  the  granites 
and  syenites  with  hornblende-schists.  This  is  the  lowest  recognized 
horizon  of  the  Laurentian.  Nos.  3,  4,  and  5  together  are  the  equivalent 
of  the  Taconic  system,  3  being  the  equivalent  of  the  Animikie,  while  5 
is  the  equivalent  of  the  Huronian  of  Canada.  This  succession  is  com- 
pared with  the  successions  of  Brooks  and  Irving  in  Michigan  and  Wis- 
consin. 

Winchell  (Alex.),172  in  1887,  gives  detailed  observations  made  on 
an  extensive  trip  in  northeastern  Minnesota.  The  region  presents  a 
series  of  schists  flanked  on  the  north  and  south  by  massive  crystalline 
rocks.  In  the  western  part  of  the  district  these  rocks  are  gneissic  on 
both  sides,  but  to  the  east  the  gneissic  rocks  on  the  south  are  replaced 
by  gabbro  and  greenstone.  The  schists  and  bedded  crystallines  stand 
in  a  nearly  vertical  attitude,  having  a  persistent  and  uniform  strike 
and  dip,  tlie  latter  oscillating  from  80°  to  the  north  to  80°  to  the  south. 
The  rocks  are  sericitic,  chloritic,  micaceous,  and  hornblendic  schists,  and 
argillites  and  graywackes.    The  schists  grade  into  the  gneissic  rocks, 
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liere  being  nowhere  an  abrupt  passage  from  one  class  to  the  other.  In 
ihe  passage  from  the  schists  to  the  gneisses  there  is  first  an  increase  in 
xequency  of  ramifying  veins,  then  lumps  of  gneiss  or  granite  in  the 
schists,  and  next  interstratification  of  the  schists  and  gneisses.  The 
conglomerate  at  Ogishki  Mauissi  lake,  which  attains  an  enormous  de- 
velopment and  contains  varieties  of  granitic  and  quartzose  bowlders,  as 
veil  as  flint,  jasper,  and  other  substances,  is  regarded  as  a  local  phase 
)f  the  schists,  as  the  bowlders  are  interbedded  with  the  flinty  argillites 
rad  sericite- schists.  The  entire  system  of  gneisses  and  schists  is  re- 
garded as  belonging  to  one  structural  system,  as  they  all  possess  a 
common  dip  and  pass  by  gradations  into  each  other.  The  iron-bearing 
'ocks  are  interlaminated  with  the  country  schists,  and  while  they  ex- 
libit  much  persistence,  they  do  not  persist  without  interruption.  In 
structure  the  region  is  a  simple  synclinal  fold,  the  strata  of  which  have 
i  thickness  of  106,204  feet.  The  succession  from  the  bottom  upward  is 
granite,  gneiss,  micaceous  and  hornblendic  schists,  gray  wacke,  argillite- 
schist  bearing  conglomerates,  and  sericitic  and  chloritic  schists  bearing 
ron  ores.  As  the  plainly  fragmental  rocks  grade  by  imperceptible 
stages  into  the  gneiss  and  granite,  the  whole  is  regarded  as  a  seclimen- 
;ary  series.  While  granite  pebbles  are  found  in  the  conglomerates, 
Ms  is  not  the  underlying  granite,  as  many  of  the  fragments  differ  in 
character  from  the  inferior  granite. 

Winchell  (N.  H.),175  in  1887,  gives  very  numerous  details  as  to  the 
geology  of  northeastern  Minnesota.  At  several  places  there  are  trail  si- 
ions  between  the  granite  gneiss  and  a  fine  grained  mica-schist.  In 
;he  syenite  are  sometimes  found  angular  fragments  of  micaschist.  The 
Vermilion  group  is  defined  as  including  the  lower  portion  of  the  corn- 
ilex  series  of  schists  designated  as  Keewatin  by  Lawson.  It  embraces 
;he  mica-schists  and  hornblende- schists  of  Vermilion  lake  and  their 
equivalents,  and  lies  between  the  gray wackes  on  the  one  side  and  the 
lasal  syenites  and  granites  on  the  other. 

The  iron  ores  of  Minnesota  are  at  three  horizons.  At  the  top  are  the 
itaniferous  ores;  which  are  associated  with  the  gabbro  and  constitute 
^hat  is  locally  known  as  Mayhew  Iron  range,  and  is  found  from  this 
•ange  at  many  points  all  the  way  to  Duluth.  The  nontitaniferous  mag- 
letic  ores  occur  at  several  localities  associated  with  hematite  ores  and 
ncluded  in  a  quartz-schist.  These  ores  are  comparable  to  those  of  the 
Penokee-Gogebic  Iron  range  on  the  south  side  of  lake  Superior,  and 
;hose  of  BlAgk  river  falls  in  Wisconsin.  Adjacent  to  Yermilion  lake  are 
lematite  orS^ssociated  with  jasper,  which  are  inclosed  in  a  schist,  the 
>edding  of  which  stands  vertical.  This  schistose  rock  is  probably  of 
gneous  origin,  and  in  its  relations  to  the  jasperoid  rocks  it  fills  all  t  heir 
cavities,  overlying  them  un conformably,  and  holding  fragments  of  the 
asper;  all  indicating  its  later  origin.  This  igneous  rock  passes  into 
ichlorite-schist,  and  this  into  the  sericite- schists  and  gray  wackes,  which 
;how  unmistakable  evidence  of  an  aqueous  arrangement.    The  jasper- 
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oid  hematite  is  a  sedimentary  rock  and  not  an  eruptive  as  has  been  su 
posed  by  Wadsworth.    The  rock  was  not,  however,  deposited  in  i 
present  condition.     The  beds  have  been  upturned,  folded,  crushed,  ar  j 
affected  by  intense  chemical  action.     The  ore  is  regarded  as  a  result  « 
chemical  or  metasomatic  change.     The  general  succession  from  abo^ 
downward  is  as  follows:  (1)  gabbro;  (2)  diabase  dolerite.    These  re; 
unconformably  upon   the  lower    members.      (3)  Eeddish   gneiss  an 
syenite,  Avhich  includes  the  Misquah  hills,  White  Iron  lake,  and  tt 
Giant's  range  (Mesabi  heights).     This  is  a  case  of  a  fusion  of  sedimei 
tary  beds  in  situ,  although  it  is  not  generally  complete.     (4)  Graywack< 
sericite-schist,  argillite,  quartzite,  and  jaspilite,  which  occur  about  Ye: 
milion  lake.     (5)  Mica-schist,  hornblende-schist,  and  diorite.     The  Vei 
milion  group.     (6)  Mica-schist  and  granite  veined  with  syenite  am 
granulite.     (7)  Lower  syenites  and  gneisses,  generally  regarded  as  Lai 
rentian.     Nos.  3  to  7  are  conformable,  and  Nos.  4  to  7  graduate  int 
each  other. 

There  is  reason  for  believing  that  the  Animikie  rocks  overlie  th 
greenstone  No.  2  and  underlie  the  gabbro,  No.  1,  of  the  above  succes 
sion. 

Winchbll  (N.  H.),174  in  1888,  finds  the  Upper  Huronian  quartzite 
to  be  so  similar  to  those  of  Pipestone,  Cottonwood,  and  other  countie 
in  Minnesota  that  the  former  are  regarded,  with  the  latter,  as  Huronian 
The  Animikie  on  Gunflint  lake,  while  not  found  in  exact  superposition 
on  the  Keewatin,  bears  such  relations  as  to  render  it  probable  that  th 
two  formations  are  discordant.  A  short  distance  north  of  the  AnimikL 
the  Keewatin  rocks  are  found  with  a  dip  of  80°,  and  these  a  little  far 
ther  to  the  north  grade  conformably  into  the  crystalline  schists  of  tin 
Vermilion  group,  and  these  still  farther  to  the  north  by  transition  pass 
into  the  gneisses  and  syenites  of  the  Laurentian.  The  Animikie  rocks 
are  found  resting  unconformably  on  the  gneiss  west  of  Gunflint  lake 
The  gabbro  is  observed  overlying  the  Animikie  at  many  places,  tin 
Pewabic  quartzite,  the  Keewatin  rocks  north  of  Gunflint  lake,  and  th( 
syenite-gneiss  north  of  Flying  Cloud  lake. 

In  passing  from  Gunflint  lake  the  Animikie  is  found  to  Tiave  a  (Tip  as 
high  as  30°.  Near  Gobbemichigomog  lake  there  is  a  gradation  from  the 
flat-lying  Animikie  to  rocks  in  a  broken  and  tilted  condition,  and  fron 
these  into  the  Ogishki  Manissi  conglomerate,  with  which  they  are  inter 
stratified.  There  is  also  extending  from  Stuntz  island  in  Vermilion  lak( 
past  Ely  to  near  Ogishki  Manissi  lake  an  older  schistose  eruptive-looking 
conglomerate  associated  with  the  Keewatin.  schists,  and  therefore  oldei 
than  the  Ogishki  conglomerate.  The  beds  on  the  north  side  of  Gun 
flint  lake  resemble  those  on  the  south  side  of  the  Giant's  range  and  be 
long  in  the  same  stratigrapkical  position  near  the  beds  of  the  Animikie 
The  gneiss  is  regarded  as  a  metamorphosed  sediment,  because  of  tin 
gradation  of  the  Keewatin  beds  into  it,  and  because  it  cuts  through 
and    is    interstratified  with  the   Keewatin.     The    Keewatin   schists 
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are  interstratified  eruptives  and  sedimentaries,  as  is  the  Cuprifer- 
ous series.  On  Kekekabik  lake  there  is  an  extension  of  the  Ogishki 
Manissi  conglomerate  westward.  The  green  schist  conglomerates  here 
found  are  apparently  of  about  the  same  date  as  the  Ogishki  conglom- 
erate or  else  its  immediate  conformable  successor.  The  Animikie 
slates  associated  with  this  green  schist  conglomerate  are  also  in  con- 
formable succession  to  the  green  schists,  but  it  is  likely  that  this  con- 
formity would  not  be  found  in  the  vicinity  of  the  old  volcanic  vents. 

Winchell  (Alex.),175  in  1888,  finds  upon  Wonder  island  in  Saganaga 
lake  a  conglomerate  which  contains  abundant  rounded  pebbles  in  a 
groundmass  of  syenite.  The  lower  limit  of  the  conglomerate  is  quite 
abrupt,  and  whether  it  overlies  the  syenite  or  grades  into  it  is  uncer- 
tain, but  it  is  figured  as  overlying  the  syenite.  The  syenite  is  regarded 
as  erupted  after  the  conglomerate  existed  and  the  conglomerate  was 
not  laid  down  on  the  solidified  syenite.  The  Animikie  slates  are  found 
resting  unconformably  upon  vertical  schists,  gneisses,  and  syenites  at 
several  points  on  Gunflint  lake,  2  miles  west  of  Gunflint  hike,  and  on 
the  north  side  of  Epsilon  lake.  On  the  west  side  of  Sea  Gull  lake  the 
conglomerate  and  syenite  are  interbedded.  This  conglomerate  is 
thought  to  be  comparable  with  that  of  Wonder  island.  On  the  north 
side  of  the  same  lake  the  syenite  contains  sharply  limited  rounded  peb- 
bles and  irregular  masses  of  hornblendic  and  diabasic  material.  On 
Epsilon  lake  the  argillite  has  schistic  planes  standing  vertical,  while 
the  bedded  structure  has  a  dip  of  only  23°. 

Summing  up  the  succession:  At  the  base  are  the  granitoid  and 
gneissoid  rocks  in  three  areas,  the  Basswood,  White  Iron,  and  Saganaga 
lakes.  These  granitic  masses  everywhere  have  a  bedded  structure 
more  or  less  distinct.  They  are  traversed  by  quartzose  and  granu- 
litic  veins,  as  well  as  dikes  of  diabase.  The  gneisses  and  granites 
are  flanked  by  vertical  crystalline  schists  of  the  Vermilion  group.  The 
transition  from  the  gneisses  to  the  crystalline  schists  is  never  abrupt,  but 
is  a  structural  gradation,  near  the  line  of  junction  the  beds  of  gneisses 
and  schists  occurring  in  many  alternations.  Above  the  Vermilion  group 
are  the  Keewatin  semicrystalline  schists,  the  two  series  being  every- 
where conformable;  but  there  is  a  somewhat  abrupt  change  from  one 
group  to  the  other,  and  there  is  a  possibility  that  the  original  uncon- 
formity has  been  destroyed  by  lateral  pressure,  although  such  an  un- 
conformity^tethought  improbable.  There  has  been  no  actual  connection 
traced  betwe%i  the  Keewatin  schists  north  of  Gunflint  lake  and  those 
of  Knife  lake.  The  Keewatin  schists  are  almost  everywhere  veil  ically 
bedded.  When  the  bedding  is  obscure  this  is  sometimes  due  to  the 
action  of  erupted  masses,  but  more  often  the  cause  of  the  metamor- 
phosed condition  of  the  strata  is  not  ascribable  to  any  visible  euuse. 
The  Keewatin  schists  include  graywacke,  argillite,  sericite- schist,  chlo- 
rite schist,  porphyrellyte  schist  and  hematite. 

The  Ogishki  conglomerate  is  placed  as  a  part  of  the  Keewatin  system 
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as  it  is  traced  by  actual  gradations  into  the  adjoining  argillites.  These 
argillites  and  associated  schists  are  in  continuity  with  the  argillites  and 
schists  of  Vermilion  lake,  while  in  the  conglomerate  itself  are  local  de- 
velopments of  sericite- schist.  The  bedding  of  the  con  glomerate  is  nearly 
vertical ;  its  pebbles  are  metamorphosed ;  they  include  numerous  vari- 
eties, among  which  are  syenite  resembling  the  Saganaga  syenite,  green- 
stone, porphyry,  red  jasper,  flint,  quartz,  petrosilex,  ordinary  syenite, 
diorite,  porphyroid,  siliceous  schist,  and  carbonaceous  siliceous  argillite. 
On  structural  as  well  as  lithological  grounds  theOgishki  conglomerate 
seems  to  be  a  part  of  the  Keewatin,  although  there  are  some  reasons 
for  suspecting  it  to  grade  into  the  Animikie.  That  the  Keewatin  schists 
are  eruptive  is  regarded  as  improbable. 

The  Animikie  series,  resting  unconformably  upon  the  Keewatin, 
stretches  from  Thunder  bay  as  far  as  Duluth  and  still  beyond  to  the 
Mississippi  river,  and  perhaps  includes  the  slates  as  far  west  and  north 
as  Knife  lake.  The  Animikie  formation  is  generally  in  a  nearly  hori- 
zontal position,  the  dip  not  being  more  than  from  5°  to  15°.  The  forma- 
tion is  essentially  an  argillite,  which  embraces  jaspery,  magnetitic, 
hematitic,  and  sideritic  beds.  At  Gobbemichigomog  lake  the  Animikie, 
represented  by  the  "  muscovado,"  is  in  its  characteristic  horizontal 
position,  while  the  vertically  bedded  terrane  underlies  it. 

For  the  system  of  semicrystalline  schists  subjacent  to  the  Animikie, 
to  which  the  term  Keewatin  has  been  applied,  Marquettian  is  proposed. 
The  succession  of  terranes  in  northeastern  Minnesota  is,  in  descending 
order,  then  as  follows :  (1)  Huronian  system,  over  4,082  feet  thick,  in- 
cluding the  magnetic  group,  siliceous  group,  and  argillite  group;  (2) 
Marquettian  system,  27,500  feet  thick,  including  the  Ogishki  group, 
10,000  feet  thick,  the  Tower  group  (earthy  schists),  15,000  feet  thick, 
and  the  graywacke  group,  2,500  feet  thick;  (3)  Laurentian  system, 
89,500  feet  thick,  including  the  Vermilion  group,  over  1,500  feet  thick, 
and  the  gneissic  group,  over  88,000  feet  thick.  Total,  more  than 
121,082  feet. 

Winchell  (H.  V.),176  in  1888,  gives  detailed  observations  about 
many  localities  in  northeastern  Minnesota.  The  mica-schist  and  inter- 
bedded  gneiss  are  cut  by  granite  veins  at  numerous  places. 

Winchell  (N.  H.),177  in  1888,  maintains  that  there  is  a  great  Pri- 
mordial quartzite  extending  from  New  England  through  Canada,  Wis- 
consin, and  Minnesota  to  the  Black  hills  of  Dakota.  It  includes  the 
Taconic  quartzite  of  Emmons,  that  of  Sauk  and  Barron  counties  in 
Wisconsin,  the  Sioux  quartzite  of  Dakota,  the  quartzites  of  Minnesota, 
and  those  of  the  Black  hills  of  Dakota.  At  the  exhibition  in  New 
Orleans  in  1884  was  seen  a  block  of  the  Potsdam  sandstone  of  the  state 
of  New  York  exactly  similar  to  the  Pipestone  quartzite  of  Minnesota, 
and  as  the  latter  bears  Primordial  fossils  there  is  no  lack  of  evidence  to 
parallelize  these  outcrops.    An  examination  of  the  quartzites  of  the 
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Original  Huronian  convinced  the  author  of  the  parallelism  of  the  great 
quartzite  there  displayed  with  those  of  Wisconsin  and  Minnesota.  But 
things  that  are  equal  to  the  same  thing  are  equal  to  each  other,  hence 
the  Huronian  quartzite  is  no  other  than  the  Potsdam  sandstone  of  New 
York,  the  Eed  sandrock  of  Vermont,  and  the  granular  quartz  of  the 
Taconic. 

Winchell  (N.  H.),178  in  1889,  gives  a  summary  of  the  results  of  work 
on  the  crystalline  rocks  of  northeastern  Minnesota.  In  many  points  the 
conclusions  and  facts  are  the  same  as  in  the  previous  reports.  The 
Laurentian  age  is  made  to  include  the  gneiss,  granite,  and  syenite,  but 
excludes  the  crystalline  schists.  It  is  the  fundamental  gneiss  of  Min- 
nesota. Associated  with  this  fundamental  gneiss  are  areas  of  massive 
eruptive  syenite  which  are  regarded  as  due  to  the  hydrothermal  fusion 
of  the  gneissic  belts.  The  gneisses  grade  into  the  Vermilion  schists, 
which  are  the  equivalent  of  Lawson's  Coutchiching.  Along  their  con- 
tact the  Laurentian  plays  the  part  of  intrusive  rocks,  which  is  indica- 
tive that  the  opening  of  Vermilion  age  was  one  of  violent  volcanic 
action.  The  beds  have  subsequently  been  affected  by  hydrothermal 
fusion,  which  has  tended  to  unify  the  Laurentian  and  Vermilion  sys- 
tems. 

The  Vermilion  group  passes  by  conformable  transition  into  the 
Keewatin.  The  character  of  the  Keewatin  rocks  indicates  that  there 
was  active  volcanic  action  during  the  whole  period  and  that  the  ejecti- 
menta  were  received  and  distributed  by  the  waters  of  the  surrounding 
sea.  This  is  indicated  by  the  alternation  of  breccias  and  volcanic  ma- 
terial with  truly  sedimontary  strata.  The  Keewatin  is  the  iron-bearing 
formation.  The  iron  ore  is  associated  with  the  jaspilite,  which  is  of  a 
sedimentary  origin.  Parallel  with  the  Keewatin  of  Minnesota  is  the 
serpentine  and  dioritic  group  of  Eominger  in  the  Marquette  region. 
Above  this  group  in  both  regions  rs  a  profound  unconformity. 

The  Animikie  series  of  Minnesota,  bearing  iron  at  one  horizon,  is  the 
equivalent  of  the  Marquette  series  bearing  the  iron  group  of  Eominger, 
of  the  Penokee-Gogebic  series  of  Michigan  and  Wisconsin,  of  the  Mesabi 
range  in  Minnesota,  of  the  Black  river  iron-bearing  schists  in  Wiscon- 
sin, and  of  the  quartzites  of  the  Black  hills.  All  are  of  Taconic  age,  for 
the  Lower  Cumbrian  is  equal  to  the  Taconic,  the  Huronian  is  equal  to 
the  Taconic  ;%ierefore  the  Lower  Cambrian  is  equal  to  the  Huronian. 

In  the  PotsciLm  sandstone,  which  is  unconformably  on  the  Taconic, 
is  included  the  upper  quartzites  of  the  Original  Huronian,  certain  of  the 
Quartzites  of  Marquette,  the  Sioux  quartzites  of  Dakota,  and  the 
piartzites  of  Minnesota  and  Wisconsin.  This  is  also  the  age  of  the 
3opper-bearing  rocks,  which  are  an  alternation  of  basic  and  acid  erup- 
tions with  interbedded  sandstones  and  conglomerates.  The  great  gab- 
)ro  eruption  is  later  than  the  beginning  of  the  Potsdam  age.  Uncon- 
brmably  above  the  Potsdam  is  the  St.  Oroix  sandstone. 
Bull.  86 9 
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The  general  succession  in  descending  order  is  then  as  follows : 

Calciferous Magnesian  limestones  and  sandstones  ..} -,-v-,    ,   n     ,    ,       , 

St.  Croix Sandstones  and  shales \  Dikelocephalns  horizon 

Overlap  unconformity . 

Potsdam Quartzite,  gabbro,  red  granite,  and  Kewee- 

nawan Paradoxides  horizon. 

Overlap  unconformity. 

Taconic Black  and  gray  slates  and  quartzites,  iron 

ore  (Huronian,  Animikie) Olenellus  horizon. 

Overlap  unconformity. 

Keewatin (Including  the  Kawishiwin  or  greenstone 

belt, with  its  jaspilite),  sericitic  schists 

and  gray wackes 

Vermilion (Coiitchiching)  crystalline  schists }  Archean. 

Eruptive  unconform  ity. 
Laiuentian Gneiss 

Winchell  (H.  V.),179  in  1889,  gives  further  observations  on  the  iron 
regions  of  Minnesota.  On  the  Giant's  range  the  Animikie  is  found  to 
rest  upon  the  syenite.  Here  is  a  semicrystalline  rock  between  the 
two,  which  grades  into  the  syenite.  The  character  of  the  transition  is 
not  metainorphic,  but  rather  fraginental,  there  appearing  to  be  a  cer- 
tain amount  of  loose  crystalline  material  which  has  resulted  from  the 
decay  and  erosion  of  the  syenite  lying  on  top  of  this  rock  in  the  bed 
of  the  sea  upon  and  around  which  the  Animikie  sediments  were  de- 
posited. The  coarse  detritus  grades  up  into  the  fine  detritus  of  the 
Animikie.  The  Animikie  beds  are  found  also  to  rest  unconformably 
upon  the  upturned  edges  of  the  Keewatin  schists.  The  same  relations 
are  found  to  prevail  in  the  Birch  lake  region.  The  gabbro  containing 
ores  in  the  vicinity  of  Kawishiwi  river  are  found  to  contain  fragments 
of  the  Animikie  slates  and  quartzites,  and  is,  therefore,  of  later  origin. 
At  Gunliint  lake  the  Animikie  rests  uncomformably  upon  the  Keewatin, 
and  is  found  upon  greenstone.  The  Keewatin  schists  are  largely  of 
eruptive  origin.  The  contacts  of  the  jaspilite  with  the  basic  schists 
are  abrupt  and  angular,  and  numerous  fragments  are  found  contained  in 
the  schists.  The  jaspilite  is  regarded  as  a  sedimentary  formation  which 
was  broken  up  and  involved  in  the  eruptions  of  Keewatin  age.  The 
Huronian  quartzite  associated  with  the  magnetite,  lying  unconformably 
upon  the  syenite,  is  believed  to  lie  conformably  upon  the  Animikie  slates. 

Grant,180  in  1889,  gives  geological  observations  made  in  northeast- 
ern Minnesota.  North  of  Gunliint  lake  the  vertical  Keewatin  and  crys- 
talline schists,  with  an  east  and  west  strike,  strike  directly  across  a 
range  of  immediately  adjacent  gneisses,  the  schists  showing  no  evi- 
dence of  being  twisted  or  bent  within  200  feet  of  the  gneiss.  In  the 
syenites  of  Gunliint  lake  are  found  fragments  of  schist,  which  indicate 
that  the  syenite  is  eruptive  later  than  the  schists.  At  Winchell  lake 
the  syenite  upon  the  top  grades  down  by  an  apparent  transition  into 
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gabbro.  The  gabbro  is  sometimes  cut  by  veins  or  dikes  of  syenite, 
which  indicates  that  the  latter  is  of  later  age,  although  the  syenite  is 
generally  below  the  gabbro. 

Winchell  (Alex.),181  in  1889,  maintains  that  the  Saganaga  and 
West  Sea  Gull  granite  conglomerate  before  described  is  produced 
from  a  fragmental  rock  by  selective  metamorphism,  the  completely 
crystalline  gneissoid  rocks  retaining  rounded  fragments  which  are 
residual  clastic  material.  The  conglomerate  of  Wonder  island  is  not 
one  consisting  originally  of  a  mass  of  pebbles  over  which  a  fluid 
magma  has  been  poured,  for  the  pebbles  are  not  in  contact;  they  could 
not  have  lain  where  they  are  before  the  gneissic  magma  existed.  The 
gneissic  magma  was  present,  and  it  was  this  which  supported  the  peb- 
bles and  prevented  their  contact.  It  is,  then,  contemporaneous  with  the 
pebbles.  The  magma  must  have  been  plastic,  but  it  was  low  tempera- 
ture igneo- aqueous  plasticity. 

Winchell  (N.  H.),182  in  1889,  in  a  general  discussion  of  the  origin  of 
the  eruptive  rocks,  maintains  that  there  are  four  epochs  of  basic  erup- 
tion in  Minnesota:  first,  the  Vermilion  group;  second,  those  succeeding 
the  graywackes;  third,  those  succeeding  the  Animikie;  and  fourth, 
those  of  the  Cupriferous  formation. 

Meads,183  in  1889,  describes  the  Stillwater,  Minnesota,  deep  well. 
The  well,  after  passing  through  about  700  feet  of  St.  Croix  and  Potsdam 
sandstone,  passes  into  rocks  which  are  in  every  respect  identical  with 
those  of  Keweenaw  point ;  hence  the  Keweenaw  rocks  are  below  the 
light  colored  sandstones  of  the  northwest.  For  the  first  1,500  feet  these 
are  brown  shales  and  brown  feldspathic  sandstones,  and  these  gradu- 
ally assume  the  characters  of  a  volcanic  detrital  tuff — amygdaloid — 
and  finally  at  a  depth  of  3,300  feet  unmistakable  beds  of  trap  were  en- 
countered alternating  with  sandstone  beds.  At  this  depth  grains  of 
native  copper  were  seen  in  the  drillings. 

Winchell  (N.  H.  and  H.  V.),184  in  1889,  maintain  that  the  iron  ores 
of  the  Keewatin  of  Minnesota  are  not  derived  from  a  carbonate,  but  are 
probably  a  direct  chemical  precipitate;  for  there  is  no  evidence  of  the 
existence  of  carbonate  of  iron  at  any  time,  and  the  nature  of  the  coun- 
try rock  is  rach  as  to  imply  that  no  carbonates  in  amounts  required 
could  have  b%n  deposited  at  the  time  the  rocks  were  formed. 

Winchell  (Alex.),185  in  1890,  repeats  his  general  conclusions  as  to 
the  stratigraphy  in  northeastern  Minnesota  and  gives  in  descending 
order  a  succession,  as  follows  : 

V.  The  Uncrystalline  schists  (Animikie,  Huroniau). 
IV.  The  Semi-crystalline  schists  (Keewatin). 
III.  The  Crystalline  schists  (Vermilion). 

II.  The  Gneissoid  rocks. 

I.  The  Granitoid  rocks  (Laurentian). 

Winchell  (N.  H.  and  H.  V.),186  in  1890,  state  that  the  iron  ores  of 
Minnesota  are  at  five  different  geological  horizons,  in  descending  order, 


132  PRE-CAMBRIAN    ROCKS    OF    NORTH    AMERICA.  [bull.  8 

as  follows:  (1)  The  hematites  and  limonites  of  the  Mesabi  range,  tt 
equivalents  of  the,hematites  of  the  Penokee- Gogebic  range  in  Wiseoi 
sin ;  (2)  the  gabbro  titaniferous  magnetites  near  the  bottom  of  the  rock 
of  the  Mesabi  range ;  (3)  Olivinitic  magnetites,  just  below  the  gabbr 
in  the  basal  portion  of  the  Mesabi  rocks;  (4)  the  hematites  and  ma^ 
netites  of  the  Yermilion range  in  the  Keewatin  formation;  (5)  the  ma£ 
netites  of  the  crystalline  schists  of  the  Yermilion  formation.  It  is  mail 
tained  that  the  upper  iron  deposits  of  the  Mesabi  and  those  of  th  I 
Penokee- Gogebic  are  the  equivalents  of  theTaconic  ores  of  western  Ne^ 
England. 

Winchell  (N.  H.)187,  In  1891,  gives  numerous  additional  field  obsei 
vations.  The  relations  of  the  jaspilite,  argillite,  and  green  sdhist  ar 
considered,  and  the  argillite  at  least  is  regarded  as  a  sedimentar 
rock.  The  position  of  the  Pewabic  quartzite  is  left  uncertain.  It  i 
considered,  however,  to  overlie  the  Animikie  black  slate,  unless  then 
are  two  great  quartzites.  This  quartzite  has  heretofore  been  made  th< 
parallel  of  the  great  quartzite  that  overlies  the  Animikie  unconform 
ably,  but  it  is  possible  that  it  runs  below  it  conformably.  In  the  Stunts 
conglomerate  is  found  a  large  bowlder  which  contains  pebbles  of  chal 
cedonic  quartz  and  quartzose  felsite  and  the  porphyrel  at  Kekekabit 
lake.  A  study  of  the  ore  formation  leads  to  the  conclusion  that  a] 
three  of  the  known  agencies  for  rock-forming  were  intermittently  ai 
work  and  concerned  in  the  formation  of  the  iron  ore,  viz :  Eruption,  tc 
afford  the  basic  eruptive  material;  sedimentation,  to  arrange  it  (in  the 
main),  and  chemical  precipitation  in  the  same  water,  to  give  the  pure 
hematite  and  the  chalcedonic  silica.  The  great  gabbro  of  the  Cuprifer- 
ous formation  is  regarded  as  lying  below  the  Animikie,  among  othei 
reasons,  because  it  lies  next  to  and  immediately  south  of  the  gneiss  oi 
the  Giant  Eange  without  the  appearance  of  any  black  slate  between 
them ;  and  because  bowlders  of  characteristic  gabbro,  red  syenite,  and 
quartz-porphyry  occur  abundantly  in  the  later  traps  of  the  Cupriferous. 

Winchell  (N.  H  and  H.  V),188  in  1891,  give  an  extended  treatment 
of  the  iron  ores  of  northeastern  Minnesota  and  the  rocks  in  which  they 
are  contained.  Excluding  the  Cretaceous,  the  rocks  here  found  are 
divided  in  descending  order,  as  follows :  Keweenawan — trap  rocks,  tuffs, 
red  sandstones,  and  conglomerates  (Potsdam?);  Animikie — black  slates, 
gray,  feldspathic  sandstones  and  limestones;  Norian — gabbro  of  the 
Mesabi  hills,  red  granite,  quartz-porphyry,  red  felsite ;  Pewabic  quartz- 
ite (Granular  quartz,  Potsdam?);  Keewatin — sericitic  schists,  gray- 
wackes,  greenstones,  agglomerates,  jaspilite;  Yermilion — mica- schists 
and  hornblende-schists  (Coutchiching?),  Laurentian — sedimentary, 
gneissic  and  eruptive,  massive  or  porphyritic.  The  Keweenawan  to  the 
Pewabic  inclusive  are  placed  in  the  Taconic,  and  the  Keewatin  to  the 
Laurentian  inclusive  in  the  Archean  or  Azoic. 

The  jaspilite  and  schist  of  the  Keewatin  are  found  to  occur  some- 
times minutely  interlaminated;  at  other  times  the  jasper  is  in  irregular 
layers,  which  never  have  any  great  extent  and  always  finally  pinch 
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out;  at  other  times  it  is  in  oval  forms,  the  greater  lengths  being  par- 
allel with  the  schistose  structure.  Again,  the  jaspilite  is  in  great  frag- 
ments within  the  green  or  massive  diabasic  schists,  the  masses  having 
sometimes  such  relations  with  each  other  as  to  show  that  they  are  a 
broken  continuous  layer.  The  branches  from  the  large  bodies  of  jas- 
pilite are  supposed  to  be  caused  by  the  crumpling,  breaking,  and  squeez- 
ing of  the  entire  rock  structure  by  which  the  thinner  sheets  have  been 
buckled  out  and  thrust  laterally  among  the  inclosing  schists.  The  ore 
always  occurs  associated  with  the  jaspilite,  the  forms  of  the  deposits 
being  exceedingly  irregular.  The  ore  and  jasper  are  regarded  as  a  di- 
rect chemical  deep-sea  precipitate,  accompanied  and  interrupted  by  re- 
peated ejections  ot  basic  volcanic  rocks  from  which  the  iron  for  the  ore 
is  extracted. 

The  rocks  of  the  Animikie  equivalent  to  the  Huronian  and  included 
in  the  Taconic  consist  chiefly  of  carbonaceous  and  argillaceous  slates 
with  siliceous  slates,  fine-grained  quartzites,  and  gray  limestones.  At 
the  bottom  of  the  series  is  a  fragmental  quartz  sandstone  300  feet  in 
thickness,  which  is  named  the  Pewabic  quartzite.  The  slates,  conglom- 
erates, and  quartzites  are  profoundly  affected  and  intermingled  with 
eruptive  material  which  is  similar  to  that  found  so  abundantly  in  the 
Keewatin.  These  beds  have  the  appearance  of  consolidated  beds  of 
basic  lava  or  of  porous  tuff,  but  where  this  prevails  there  is  a  sensible 
gradation  from  the  dark  trap-looking  beds  to  thin  beds  of  slate.  At 
Ogishki  lake  there  is  a  slate  conglomerate  similar  to  that  on  the  north 
shore  of  lake  Huron.  This  conglomerate  is  not  the  same  as  the  ag- 
glomerates of  the  Keewatin  such  as  that  on  Stuntz  island,  at  Vermilion 
lake  and  Ely.  The  Keewatin  is  always  nearly  vertical  while  the  dip 
of  the  Taconic  rarely  exceeds  15°.  The  iron-ore  beds  of  the  Taconic 
are  the  quartzose,  hornblendic,  magnetitic  group  of  the  Pewabic  quartz- 
ite; an  impure  jaspilite,  hematite,  and  limonite  group;  a  carbonated 
iron  group;  and  a  gabbro  titanic  iron  group.  The  jaspilitic  hematite 
igrouphasthe  same  lithological  peculiarities  as  the  jaspilite  beds  of 
the  Vermilion  rai^e.  The  gabbro  in  which  the  titanic  iron  occurs  con- 
stitutes the  MesaC^range.  This  has  been  before  regarded  as  the  base 
of  the  Keweenawan,  into  which  it  fades  upwardly,  but  it  has  been 
found  that  this  great  gabbro  flow  was  outpoured  at  an  earlier  date, 
and  it  is  placed  at  or  near  the  bottom  of  the  Animikie. 

Winchell  (H.  V.)189,  in  1891,  states  that  the  syenite  of  Saganaga 
lake  is  conglomeratic  in  places  and  contains  pebbles  which  are  similar 
to  each  other,  being  mostly  composed  of  lamellar  augite,  with  or  with- 
out grains  of  feldspar,  but  there  are  no  pebbles  of  syenite  or  jasper  such 
as  occur  in  the  Keewatin  conglomerates.  In  the  Saganaga  granite,  at 
the  end  of  the  portage  on  Granite  river,  is  a  band  of  silica  1J  inches  in 
diameter  and  3  feet  in  length.  IsTorth  of  Saganaga  lake  the  syenite 
grades  into  chloritic  syenite-gneiss,  and  this  into  thick  bedded  to  mas- 
sive Keewatin  rocks.  From  these  facts  it  is  concluded  that  the  syenite 
is  simply  a  result  of  locally  intense  metamorphism. 
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as  follows:  (1)  The  hematites  and  liraonites  of  the  Mesabi  range,  the 
equivalents  of  the,hematites  of  the  Penokee- Gogebic  range  in  Wiscon- 
sin ;  (2)  the  gabbro  titaniferous  magnetites  near  the  bottom  of  the  rocks 
of  the  Mesabi  range ;  (3)  Olivinitic  magnetites,  just  below  the  gabbro 
in  the  basal  portion  of  the  Mesabi  rocks;  (4)  the  hematites  ami  mag- 
netites of  the  Vermilion  range  in  the  Keewatin  formation;  (5)  the  mag- 
netites of  the  crystalline  schists  of  the  Vermilion  formation.  It  is  main- 
tained that  the  upper  iron  deposits  of  the  Mesabi  and  those  of  the 
Penokee- Gogebic  are  the  equivalents  of  the  Taconic  ores  of  western  New 
England. 

Winchell  (N.  H.)187,  In  1891,  gives  numerous  additional  field  obser- 
vations. The  relations  of  the  jaspilite,  argillite,  and  green  schist  are 
considered,  and  the  argillite  at  least  is  regarded  as  a  sedimentary 
rock.  The  position  of  the  Pewabic  quartzite  is  left  uncertain.  It  is 
considered,  however,  to  overlie  the  Animikie  black  slate,  unless  there 
are  two  great  quartzites.  This  quartzite  has  heretofore  been  made  the 
parallel  of  the  great  quartzite  that  overlies  the  Animikie  unconform- 
able, but  it  is  possible  that  it  runs  below  it  conformably.  In  the  Stuntz 
conglomerate  is  found  a  large  bowlder  which  contains  pebbles  of  chal- 
cedonic  quartz  and  quartzose  felsite  and  the  porphyrel  at  Kekekabik 
lake.  A  study  of  the  ore  formation  leads  to  the  conclusion  that  al 
three  of  the  known  agencies  for  rock-forming  were  intermittently  at 
work  and  concerned  in  the  formation  of  the  iron  ore,  viz :  Eruption,  to 
afford  the  basic  eruptive  material;  sedimentation,  to  arrange  it  (in  the 
main),  and  chemical  precipitation  in  the  same  water,  to  give  the  pure 
hematite  and  the  chalcedonic  silica.  The  great  gabbro  of  the  Cuprifer- 
ous formation  is  regarded  as  lying  below  the  Animikie,  among  other 
reasons,  because  it  lies  next  to  and  immediately  south  of  the  gneiss  of 
the  Giant  Range  without  the  appearance  of  any  black  slate  between 
them;  and  because  bowlders  of  characteristic  gabbro,  red  syenite,  and 
quartz-porphyry  occur  abundantly  in  the  later  traps  of  the  Cupriferous. 

Winchell  (N.  H  and  H.  V),188  in  1891,  give  an  extended  treatment 
of  the  iron  ores  of  northeastern  Minnesota  and  the  rocks  in  which  they 
are  contained.  Excluding  the  Cretaceous,  the  rocks  here  found  are 
divided  in  descending  order,  as  follows :  Keweenawan — trap  rocks,  tuffs, 
red  sandstones,  and  conglomerates  (Potsdam?);  Animikie — black  slates, 
gray,  feldspathic  sandstones  and  limestones;  Norian — gabbro  of  the 
Mesabi  hills,  red  granite,  quartz-porphyry,  red  felsite ;  Pewabic  quartz- 
ite (Granular  quartz,  Potsdam?);  Keewatin — sericitic  schists,  gray- 
wackes,  greenstones,  agglomerates,  jaspilite;  Vermilion — mica-schists 
and  hornblende-schists  (Coutchiching?),  Laurentian — sedimentary, 
gneissic  and  eruptive,  massive  or  porphyritic.  The  Keweenawan  to  the 
Pewabic  inclusive  are  placed  in  the  Taconic,  and  the  Keewatin  to  the 
Laurentian  inclusive  in  the  Archean  or  Azoic. 

The  jaspilite  and  schist  of  the  Keewatin  are  found  to  occur  some- 
times minutely  interlaminated;  at  other  times  the  jasper  is  in  irregular 
layers,  which  never  have  any  great  extent  and  always  finally  pinch 


vanhise.1  LAKE    SUPERIOR   REGION.  133 


out;  at  other  times  it  is  in  oval  forms,  the  greater  lengths  being  par- 
allel with  the  schistose  structure.  Again,  the  jaspilite  is  in  great  frag- 
ments within  the  green  or  massive  diabasic  schists,  the  masses  having 
sometimes  such  relations  with  each  other  as  to  show  that  they  are  a 
broken  continuous  layer.  The  branches  from  the  large  bodies  of  jas- 
pilite are  supposed  to  be  caused  by  the  crumpling,  breaking,  and  squeez- 
ing of  the  entire  rock  structure  by  which  the  thinner  sheets  have  been 
buckled  out  and  thrust  laterally  among  the  inclosing  schists.  The  ore 
always  occurs  associated  with  the  jaspilite,  the  forms  of  the  deposits 
being  exceedingly  irregular.  The  ore  and  jasper  are  regarded  as  a  di- 
rect chemical  deep-sea  precipitate,  accompanied  and  interrupted  by  re- 
pealed ejections  ot  basic  volcanic  rocks  from  which  the  iron  for  the  ore 
is  extracted. 

The  rocks  of  the  Animikie  equivalent  to  the  Huronian  and  included 
in  the  Taconic  consist  chiefly  of  carbonaceous  and  argillaceous  slates 
with  siliceous  slates,  fine-grained  quartzites,  and  gray  limestones.  ,At 
the  bottom  of  the  series  is  a  fragmental  quartz  sandstone  300  feet  in 
thickness,  which  is  named  the  Pewabic  quartzite.  The  slates,  conglom- 
erates, and  quartzites  are  profoundly  affected  and  intermingled  with 
eruptive  material  which  is  similar  to  that  found  so  abundantly  in  the 
Keewatin.  These  beds  have  the  appearance  of  consolidated  beds  of 
basic  lava  or  of  porous  tuff,  but  where  this  prevails  there  is  a  sensible 
gradation  from  the  dark  trap-looking  beds  to  thin  beds  of  slate.  At 
Ogishki  lake  there  is  a  slate  conglomerate  similar  to  that  on  the  north 
shore  of  lake  Huron.  This  conglomerate  is  not  the  same  as  the  ag- 
glomerates of  the  Keewatin  such  as  that  on  Stuntz  island,  at  Vermilion 
lake  and  Ely.  The  Keewatin  is  always  nearly  vertical  while  the  dip 
of  the  Taconic  rarely  exceeds  15°.  The  iron-ore  beds  of  the  Taconic 
are  the  quartzose,  hornblendic,  magnetitic  group  of  the  Pewabic  quartz- 
ite; an  impure  jaspilite,  hematite,  and  limonite  group;  a  carbonated 
iron  group;  and  a  gabbro  titanic  iron  group.  The  jaspilitic  hematite 
group  has  the  same  lithological  peculiarities  as  the  jaspilite  beds  of 
the  Vermilion  range.  The  gabbro  in  which  the  titanic  iron  occurs  con- 
stitutes the  Mesabi  range.  This  has  been  before  regarded  as  the  base 
of  the  Keweenawan,  into  which  it  fades  upwardly,  but  it  has  been 
found  that  this  great  gabbro  flow  was  outpoured  at  an  earlier  date, 
and  it  is  placed  at  or  near  the  bottom  of  the  Animikie. 

Winchell  (H.  V.)189,  in  1891,  states  that  the  syenite  of  Saganaga 
lake  is  conglomeratic  in  places  and  contains  pebbles  which  are  similar 
to  each  other,  being  mostly  composed  of  lamellar  augite,  with  or  with- 
out grains  of  feldspar,  but  there  are  no  pebbles  of  syenite  or  jasper  such 
as  occur  in  the  Keewatin  conglomerates.  In  the  Saganaga  granite,  at 
the  end  of  the  portage  on  Granite  river,  is  a  band  of  silica  li  inches  in 
diameter  and  3  feet  in  length.  North  of  Saganaga  lake  the  syenite 
grades  into  chloritic  syenite-gneiss,  and  this  into  thick  bedded  to  mas- 
sive Keewatin  rocks.  From  these  facts  it  is  concluded  that  the  syenite 
is  simply  a  result  of  locally  intense  metamorphism. 
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i 
SECTION   VI.      WORK   OF    THE    LATER   UNITED    STATES   GEOLOGISTS 

AND  ASSOCIATES. 

Hayden,190  in  1867,  in  his  sketch  of  the  geology  of  northeaster  \ 
Dakota,  describes  quartzites  along  the  James  river,  Yermilion  rivei 
and  at  Sioux  falls.     These  qnartzites  are  sometimes  conglomeratic.     O 
the  James  river  the  lines  of  stratification  are  nearly  obliterated,  but  th 
rock  appears  to  be  metamorphic.    The  pipestone  bed  on  Pipestone  cree.  I 
is  associated  with  the  quartzites  already  mentioned  and  this  rock  i 
undoubtedly  of  the  same  age.    At  Sioux  falls,  while  no  well  define* 
fossils  were  discovered,  upon  the  outer  surfaces  of  the  rocks  are  roundec 
outlines  of  what  appear  to  be  organic  remains,  but  the  peculiar  charac 
ter  of  the  quartzite  points  toward  the  Azoic  series.     The  formation  i  | 
tentatively  referred  to  the  Super- Carboniferous,  Triassic,  or  downwarc 
extension  of  the  Cretaceous ;  but  Hall's  opinion  that  this  rock  is  Hu 
ronian  is  entitled  to  great  weight. 

Irving,191  in  1883,  gives  a  systematic  account  of  the  Copper-bearing 
rocks  of  lake  Superior.  From  this  group  is  excluded  the  so-called  lowei 
group  of  Logan,  the  Animikie  group  of  Hunt,  and  also  the  horizontal 
sandstones  known  as  the  Eastern  and  Western  sandstones ;  although  il 
includes  the  dolomitic  sandstones,  with  accompanying  crystalline  rocks 
between  Black  and  Thunder  bays,  and  occupies  the  valley  of  the  Black 
Sturgeon  and  Nrpigon  rivers,  as  well  as  lake  Mpigon.  The  Keweenaw 
or  Copper-bearing  series  then  includes  the  succession  of  interbedded 
traps,  amygdaloids,  felsitic  porphyries,  porphyry-conglomerates,  and 
sandstones,  and  the  conformable  overlying  sandstone  typically  devel- 
oped in  the  region  of  Keweenaw  point  and  Portage  lake.  These  rocks 
have  their  most  widespread  extent  about  the  west  half  of  lake  Superior, 
but  also  occur  in  the  eastern  part  of  the  lake.  The  entire  geographical 
extent  in  the  immediate  basin  of  lake  Superior  is  about  41,000  square 
miles. 

The  eruptive  rocks  include  basic,  intermediate,  and  acid  kinds,  but 
there  is  no  such  chronological  relations  between  these  three  kinds  as  is 
found  to  be  the  rule  in  Tertiary  and  post-Tertiary  times.  In  the  Pali- 
sades of  the  Minnesota  coast  quartz-porphyries  are  found  both  over- 
lain and  underlain  by  basic  rocks  with  abundant  evidence  that  the 
porphyry  is  a  surface  flow.  The  same  phenomena  are  seen  at  other 
places.  Acid  flows  are  superimposed  upon  basic  flows,  flows  of  inter- 
mediate acidity  immediately  overlie  acid  flows,  flows  of  intermediate 
acidity  overlie  porphyritic  conglomerates,  flows  of  intermediate  acidity 
are  superimposed  upon  basic  flows,  basic  rocks  are  intersected  by 
acid  rocks,  basic  flows  overlie  acid  rocks,  basic  flows  overlie  those 
of  intermediate  acidity,  acid  rocks  are  intersected  by  basic  rocks. 
There  is  a  complete  absence  from  the  series  of  anything  like  volcanic 
ash.  The  detrital  rocks  of  the  series  are  composed  of  fragments  broken 
for  the  most  part  from  the  acid  rocks  of  the  series — that  is,  such  mate- 
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rial  as  porphyry,  both  lion-quartziferous  and  quartziferous,  felsite, 
augite-syenite,  granitell  and  granite,  but  there  are  also  often  ton  ml 
pebbles  of  the  basic  rocks,  and  in  some  cases  particles  of  gneiss  and 
granite  from  the  underlying  series.  This  is  thought  to  be  due  to  the 
fact  that  such  viscous  material  would  solidify  into  more  or  less  bulky 
erect  masses  of  relatively  small  area,  and  thus  be  most  favorably  situ- 
ated for  degradation.  Between  the  several  kinds  of  original  rocks  there 
are  no  sharp  lines,  but  a  continuous  series  of  kinds  from  the  most  basic 
to  the  most  acid, 

The  lithology  of  the  different  members  of  the  series  is  given  in  detail. 
The  basic  original  rocks  include  granular,  porphyritic,  and  glassy  kinds, 
the  most  abundant  of  which  are  gabbro,  diabase,  melaphyre,  and  por- 
phyrite.  The  acid  original  rocks  include  quartzless  porphyry,  quartz- 
iferous porphyry,  and  felsite,  augite-syenite,  granite-porphyry,  and 
granite.  Here  is  included  the  so-called  "jaspers,"  which  have  been  re- 
garded by  many  as  metamorphosed  sedimentary  rocks.  The  basic  crys- 
talline rocks  make  up  the  greater  part  of  the  thickness  of  the  series, 
the  beds  varying  from  a  few  feet  to  several  hundred  feet  in  thickness. 
Each  of  these  beds  often  has  a  twofold  division,  an  upper  amygdaloidal 
portion,  and  a  lower  compact  portion,  which,  however,  grade  into  each 
other.  The  amygdaloids  not  infrequently  resemble  beds  of  sedimentary 
origin,  but  they  never  show  any  trace  of  fragmental  character,  and 
the  stratiform  condition  is  seen  to  be  due  to  a  succession  of  thin  flows 
and  two  fluidal  structures.  Laterally  the  beds  are  not  of  indefinite  ex. 
tent,  and  are  far  less  extensive  than  sedimentary  beds  of  the  same 
thickness.  It  is  generally,  however,  difficult  to  prove  the  continuity 
or  noncontinuity  of  a  single  flow  over  a  great  distance,  but  on  the  Min- 
nesota shore  individual  layers  were  traced  with  certainty  for  10  or  15 
miles,  while  other  beds  almost  certainly  have  an  extent  of  nearly  30 
miles,  while  groups  of  layers  of  allied  characters  are  recognizable  over 
much  longer  stretches.  The  more  massive,  thicker  beds  generally  occur 
in  the  lower  part  of  the  series.  Numerous  dikes  cut  the  basic  rocks. 
These  are  generally  small,  commonly  not  more  than  10  feet  in  width, 
but  in  the  immediately  underlying  series  on  the  north  shore,  the  Lower 
Copper-bearing  or  Animikie  group,  are  dikes  of  great  magnitude.  Of 
the  original  acid  rocks  true  granite  has  been  observed  only  in  the  Bad 
river  region  of  Wisconsin  intersecting  the  coarse  gabbro  at  the  base  of 
the  series.  Quartz-porphyry  and  allied  acid  rocks  have  a  widespread 
occurrence,  two  of  the  largest  masses  being  the  palisades  of  Minnesota 
and  the  core  of  the  Porcupine  mountains  of  Michigan.  The  detrital 
members  have  often  a  great  extent.  The  outer  conglomerate  <>r  Kewee- 
naw point,  for  instance,  is  traced  from  the  eastern  extremity  of  the 
point  to  the  Bad  river  in  Wisconsin,  a  distance  of  at  least  170  miles, 
although  its  thickness  in  this  distance  varies  from  less  than  100  to  as 
much  as  4,000  feet.  Thinner  conglomerates  have  been  traced  for  as 
great  a  distance  as  50  miles. 
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The  Keweenaw  series  is  stratigraphically  separated  into  two  grand 
divisions,  an  upper  member,  made  Nvkolly  of  detrital  material,  for  the 
most  part  red  sandstones  and  shale ;  and  a  lower  division,  made  chiefly 
of  a  succession  of  flows  of  basic  rocks,  but  including  layers  of  conglom- 
erate and  sandstone  nearly  to  the  base,  and  also  original  acid  rocks. 
The  line  of  separation  between  the  two  divisions  is  somewhat  arbitrary, 
for  the  sandstone  gradually  increases  in  quantity  upward,  but  above 
the  highest  known  eruptive  member  is  a  maximum  thickness  of  15,000 
feet  of  detrital  material.  The  chief  characteristics  of  the  lower  division 
are,  first,  that  coarse  grained  basic  rocks  in  very  heavy  beds  are  much 
more  common  at  lower  horizons;  second,  amygdaloidal  texture  is  more 
frequent  and  highly  developed  at  high  horizons,  this  being  more  charac- 
teristic of  the  thinner  beds;  third,  the  gabbros  are  more  often  found  at 
lower  horizons  while  the  ordinary  diabases  and  melaphyres  affect  higher 
horizons;  fourth,  the  acid  rocks  are  found  especially  in  low  horizons, 
rarely  reaching  above  the  middle  of  the  lower  division;  and,  fifth,  the 
detrital  beds,  although  seen  all  the  way  to  the  base,  are  rare  in  the 
lower  third  of  the  series  and  increase  in  thickness  and  frequency  toward 
the  top.  The  thickness  of  the  lower  division  is  placed  in  round  num- 
bers at  25,000  to  30,000  feet,  while  at  the  Montreal  river  its  apparent 
thickness  is  33,000  to  35,000  feet,  but  a  part  of  this  may  be  due  to  the 
westward  continuation  of  the  Keweenaw  fault. 

Detailed  descriptions  are  given  of  the  rocks  of  Keweenaw  point,  of 
the  region  between  Portage  lake  and  the  Ontonagon  river,  of  the  South 
rauge,  of  the  region  between  the  Ontonagon  river  and  Numakagon  lake 
including  the  Porcupine  mountains,  of  northwestern  Wisconsin  and  the 
adjoining  part  of  Minnesota,  of  the  Minnesota  coast,  of  isle  Eoyale  and 
Mpigon  bay,  of  Michipicoten  island  and  the  east  coast  of  lake  Superior. 
Silver  mountain,  belonging  to  the  South  range,  is  composed  of  diabase, 
dipping  at  an  angle  of  30°,  and  appears  to  be  surrounded  by  horizontal 
sandstone.  On  the  west  branch  of  the  Ontonagon  are  found  cliff's  of 
horizontal  sandstone  almost  in  proximity  with  ferruginous  slate  supposed 
to  belong  to  the  Huronian,  and  but  a  short  distance  from  diabases  re- 
garded as  Keweenawan.  The  isolated  position  of  the  South  range  is 
regarded  as  due  to  a  fault,  as  there  is  no  evidence  whatever  of  a  fold, 
and  to  regard  this  part  of  the  series  as  a  continuous  conformable 
succession  with  the  Keweenawan  rocks  to  the  north  would  give  the 
series  an  incredible  thickness.  The  Porcupine  mountains  are  found 
to  be  due  to  a  subordinate  fold  in  the  series,  the  core  being  a  quartz- 
porphyry. 

All  the  known  facts  with  reference  to  the  relations  of  the  horizontal 
sandstone  to  the  Copper-bearing  rocks  of  northwestern  Wisconsin  and 
the  adjoining  part  of  Minnesota  are  recapitulated.  The  unconformity 
between  the  fossiliferous  Cambrian  of  the  St.  Croix  valley  and  the 
bedded  melaphyre  and  amygdaloids  described  by  Sweet,  Strong,  and 
Chamberlin  is  indisputable,  and  the  latter  rocks  are  identical  in  nature 
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md  in  structure  with  the  similar  rocks  of  Keweenaw  point  and  have 
>een  shown  to  be  in  actual  continuity  with  them.  At  Snake  and  Ket- 
le  rivers  the  diabase  and  diabase-ainygdaloids  with  interbedded  por- 
)hyry  conglomerates  are  in  all  respects  like  those  of  Keweenaw  point, 
md  here,  as  shown  by  Chamberlin  and  McKinlay,  the  horizontal  Oam- 
)rian  sandstone  overlies  these  beds  unconformably.  Sweet's  examina- 
ion  of  the  Kettle  and  St.  Croix  rivers  shows  that  here  are  cupriferous 
ocks  which  are  identical  with  those  of  Keweenaw  point,  npon  which 
:he  red  sandstone  of  lake  Superior  west  of  the  Montreal  reposes  uncon- 
brmably,  at  Black  river,  Copper  creek,  Aminicon  river,  and  Middle 
iver.  The  disturbances  of  the  overlying  sandstone  described  by  Sweet 
tre  due  in  part  to  the  irregularities  of  an  unconformable  contact  and  to 
he  pressure  of  the  deep-seated  Keweenaw  rocks  against  the  more 
ihallow  sandstone,  but  also  in  large  measure  to  a  faulting  that  has 
iaken  place  along  the  contact  line.  The  phenomena  if  not  explained  as 
ibove  may  be  regarded  as  due  to  the  intrusion  of  disturbing  masses  or 
likes,  as  suggested  by  Whittlesey  and  Norwood,  or  the  sandstone  may 
>e  supposed  to  belong  to  the  upper  division  of  the  Keweenaw  series  let 
iown  by  a  great  fault.  The  first  of  these  suppositions  is  forbidden  by 
;he  bedded  structure  of  the  rocks,  and  the  second  is  shown  by  the  gen- 
ral  structural  features  of  lake  Superior  to  be  a  physical  impossibility. 

The  amygdaloidal  and  porphyritic  rocks,  and  the  granite,  granitic 
)orphyry,  and  felsite  of  the  Duluth  gabbros  and  the  Minnesota  coast 
ire  found  in  every  case  to  be  original  eruptive  rocks  having  all  the 
evidences  in  their  structure  of  this  origin  and  none  whatever  of  being 
netamorphosed  shales  and  sandstones  resulting  from  the  red  sand- 
stones of  Fond  du  Lac,  as  supposed  by  Prof.  N".  H.  Winchell. 

It  is  concluded  that  the  Eastern  sandstone  along  the  south  face  of 
Keweenaw  range  is  both  a  fault  cliff  and  a  shore  cliff  against  which  the 
newer  sandstone  was  laid  down,  but  not  until  after  a  large  erosion,  and 
that  faulting  again  took  place  during  or  after  the  deposition  of  the 
Sandstone;  that  this  original  faulting  is  demanded  along  this  line  by 
the  relations  of  the  Keweenaw  and  South  ranges,  without  which  the 
Keweenaw  rocks  would  have  an  enormous  thickness. 
;  The  relations  of  the  Eastern  sandstone  and  Keweenaw  an  traps  are 
described  at  Bete  Grise  bay,  along  the  Hungarian  river  and  Douglass 
Houghton  ravine,  and  sections  given  showing  the  sandstone  to  rest 
unconformably  upon  the  eruptives.  At  the  Torch  lake  quarry  the 
Eastern  sandstone  is  found  horizontally  disposed  in  heavy  layers,  con- 
taining no  fragments  of  porphyry  such  as  are  distinctive  of  the  Kewee- 
nawau  sandstones.  No  evidence  of  a  northwesterly  dip  described  by 
Wadsworth  was  here  found.  The  sandstone  adjacent  to  the  trap  is  of 
the  ordinary  quartzose  character.  It  is  remarked  that  Wads  worth's 
statement  that  the  feldspathic  constituents  have  been  leached  from  it, 
thus  accounting  for  its  differences  from  the  Keweenawan  sandstone,  is 
a  pure  supposition.    Farther  west  on  and  near  the  Ontonagon  river,  as 
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at  Bete  Grise  bay,  tbe  sandstone  dips  away  from  the  north-dippingi 
Keweenawan  diabases  at  quite  a  high  angle  near  the  contact,  whiehj 
rapidly  flattens  as  it  is  receded  from.  Finally  along  the  north  face  obi 
the  South  range  eastward  from  lake  Agogebic  the  sandstone  is  not] 
infrequently  met  in  a  flat-lying  position,  and  at  one  place  lies  directly] 
across  the  course  of  the  Keweenawan  belt. 

As  to  the  age  of  the  Eastern  sandstone,  it  is  regarded  as  demon-! 
strated  that  it  is  older  than  the  Trenton;  hence  its  Triassic  age  is  notl 
discussed.  The  Western  sandstone  is  regarded  as  the  equivalent  of  the 
Eastern  sandstone,  although  they  are  not  found  connected,  nor  is  the| 
Western  sandstone  at  any  point  connected  with  the  Mississippi  valley] 
Cambrian  sandstone.  It  has,  however,  already  been  shown  that  the 
Keweenawan  rocks  rest  unconformably  under  the  Cambrian  sandstone^ 
of  the  Mississippi  valley  in  western  Wisconsin. 

The  Animikie  series  in  the  Thunder  bay  district  is  of  great  thickness?] 
probably  uj)ward  of  10,000  feet,  comprising  quartzites,  quartz- si ates,jj 
clay-slates,  magnetitic  quartzites,  sandstones,  thin  limestone  beds,  andl 
beds  of  cherty  and  jaspery  material.  With  these  are  associated  mJ 
great  volume  both  in  interbedded  and  intersecting  masses  coarse  gab- 
bro  and  fine  grained  diabase,  like  those  well  known  in  the  Keweenaw 
series.  A  broad  examination  of  the  region  shows  that  there  is  little: 
ground  for  the  belief  in  one  crowning  overflow.  The  Animikie  series  is? 
lithologically  like  the  Penokee  range  in  Wisconsin;  both  series  bear  the! 
same  relations  to  the  newer  Keweenawan  rocks  and  the  older  gneisses,* 
and  the  two  groups  are  regarded  as  the  same. 

The  Animikie  rocks  are  also  the  equivalent  of  if  not  actually  continu-  j 
ous  with  the  Mesabi  iron  range  running  to  Pokegama  Falls  and  the? 
slates  of  the  St.  Louis  river,  although  these  latter  are  affected  by  slatyj 
cleavage. 

The  Original  Huronian  of  Logan  is  compared  with  the  Animikie^ 
slates  of  Thunder  bay  and  the  two  are  regarded  as  equivalent.    Tiny 
Marquette  and  the  Menominee  Huronian,  with  minor  exceptions  duej 
perhaps  to  metasomatic  changes,  are  lithologically  like  the  Animikie] 
and  Penokee  series,  and  are  also  regarded  as  belonging  to  the  samel 
horizon.    The  Original  Huronian,  the  Animikie  slates,  the  Penokee'; 
iron  rocks,  and  iron- bearing  rocks  of  Marquette  and  Menominee  appear  1 
then  to  belong  together  and  may  hence  properly  be  called  Huronian.: 
The  Huronian  schists  in  each  of  these  areas  are  limited  by  granite  and 
gneiss.    There  are,  however,  considerable  areas  of  crystalline  schists  ■ 
the  relations  of  which  are  doubtful,  and  it  is  suspected  that  in  several 
of  the  iron  regions  there  are  two  distinct  kinds  of  schists,  those  belong- 
ing to  the  Huronian  and  a  schistose  greenish  phase  belonging  with  an 
older  series.     It  is  also  possible  that  a  portion  of  the  granites  are  erup- 
tive and  relatively  new,  while  others,  and  especially  those  connected 
with  the  gneisses,  may  be  of  some  sort  of  metamorphic  origin  not  un- 
derstood.   The  iron-bearing  schists  of  Vermilion  lake  are,  however,  so 
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ike  the  Huronian  that  they  are  regarded  as  a  folded  continuation  of  the 
Anirnikie  beds. 

That  the  Animikie  Huronian  is  beneath  the  Keweenawan  rocks  is 
hown  by  the  fact  that  the  Keweenawan  beds  along  the  Minnesota 
oastarepassed  in  descending  order  until  the  Animikie  slates  are  reached 
it  Grand  portage  bay,  but  there  is  not  a  direct  downward  continuation 
)f  the  Keweenawan  into  the  Animikie,  for  between  the  two  there  has 
Deen  an  intervening  period  of  erosion.  This  is  shown  by  the  fact  that 
it  Grand  portage  bay  where  the  two  formations  come  together  the  un- 
lerlying  slates  suddenly  rise  entirely  across  the  horizon  of  600  or  700 
?eet  of  the  Keweenawan  sandstone.  Also  in  northeastern  Minnesota 
md  in  the  Penokee  district  the  overlying  Keweenawan  now  is  in  con- 
act  with  one  member  of  the  underlying  series  and  now  with  another. 
Further,  in  the  Keweenawan  sandstones  of  Thunder  bay  are  found  chert 
md  jasper  pebbles  from  the  Animikie,  while  in  the  Wisconsin  Kewee- 
lawan  are  quartzite  pebbles  apparently  from  the  underlying  Huronian. 
VIore  abundant  than  these,  in  the  Keweenawan  conglomerates  are  peb- 
bles of  older  gneiss  and  granite.  Lithologically  the  Keweenawan  rocks 
ire  also  unlike  the  Huronian.  The  bedded  and  sedimentary  series  of 
3he  two  groups  are  in  strong  contrast.  The  shales  and  sandstones  of 
he  Keweenawan  have  nothing  in  common  with  the  quartz-slates  and 
piartz-schists  of  the  Huronian.  Also  in  the  Huronian  there  is  nothing 
ike  the  acid  eruptives  of  the  Keweenawan.  They  have  the  common 
feature  only  of  basic  eruptive  rocks,  and  of  these  in  the  Huronian  there 
ire  no  amygdaloidal  or  vesicular  layers.  A  further  difference  between 
the  Huronian  and  Keweenawan  is  in  the  degree  of  metamorphism. 
The  Keweenawan  sediments  are  unaltered,  while  the  Huronian  sedi- 
ments are  metamorphic.  Whether  this  metamorphism  took  place  before 
or  during  the  period  of  Keweenawan  eruptions  and  deposition  is  uncer- 
tain. 

That  the  closely  plicated  Huronian  rocks  were  folded  before  Kewee- 
nawan time  is  indicated  by  the  fact  that  the  troughs  of  Huronian  schists 
adjacent  to  lake  Mpigon  lie  directly  athwart  the  flat-lying  Keweenawan 
beds.  If  these  schists  are  truly  Huronian  and  equivalent  to  the  un- 
folded rocks,  as  supposed  by  Bell,  there  can  be  no  doubt  of  the  exist- 
ence of  a  genuine  unconformity  between  the  two  systems.  The  Ke- 
weenawan synclinal  forming  the  bed  of  lake  Superior  is  found  to  com- 
prise the  whole  basin,  as  well  as  a  considerable  area  in  northern  Wis- 
consin and  Minnesota.  Not  only  the  form  of  the  lake  as  a  whole,  but 
its  chief  bays  are  due  to  subordinate  folding  or  faulting  of  the  Kewee- 
nawan series.  In  the  great  synclinal  movement  the  underlying  Huro- 
nian has  partaken. 

Chamberlin,192  in  1883,  gives  a  summary  of  the  arguments  for  re- 
garding the  copper-bearing  series  of  lake  Superior  as  pre-Potsdam: 
(1)  The  weakest  argument  of  all,  the  general  stratigraphical  relations, 
indicate  this.     The  Potsdam  sandstone  throughout  the  entire  basin  of 


140  PRE-CAMBRIAN    ROCKS    OF    NORTH   AMERICA.  [bull.  86. 

lake  Superior  is  always  horizontal,  or  nearly  so,  while  the  Keweenawan 
series  at  many  points  immediately  adjacent  have  suffered  extensive  dis- 
turbance. (2)  The  difference  in  thickness  is  enormous;  the  Potsdam 
rarely  reaches  1,000  feet  thick,  while  the  Keweenawan  series  has,  in 
addition  to  a  vast  thickness  of  inter  stratified  eruptives  and  detrital 
rocks,  an  upper  portion  free  from  igneous  matter  15,000  feet  in  thick- 
ness. (3)  The  sandstones  of  the  Keweenawan  series  are  largely  com- 
posed of  silicates,  while  the  Potsdam  sandstone  is  mainly  quartzose. 
(4)  At  numerous  points  the  Potsdam  is  found  to  rest  against  or  upon 
the  upturned  edges  of  the  Keweenawan  series  unconformably.  Strong 
has  found  fifty-five  places  on  the  St.  Croix  where  the  unconformable 
contact  occurs.  In  Douglas  county  are  four  sections  in  which  the  Pots- 
dam sandstones  become  conglomeratic,  bearing  material  from  the  Cop- 
per-bearing series,  but  here  the  contacts  are  complicated  by  subsequent 
disturbances.  There  are  several  other  districts,  such  as  the  upper  St. 
Croix  river,  the  Snake  and  Kettle  rivers  in  Minnesota,  and  the  vicinity 
of  lake  Agogebic  in  Michigan,  where  the  quartzose  Potsdam  sandstone 
is  in  a  horizontal  position  and  lying  near  the  upturned  igneous  and 
detrital  rocks  of  the  Keweenaw  series.  (5)  The  foregoing  facts  are  all! 
con sistent  with  each  other.  (6)  The  view  is  dynamically  simple,  whereas 
any  other  explanation  implies  an  extraordinary  amount  of  local  faulting^ 
and  disturbance.  (7)  In  the  Grand  canyon  of  the  Colorado  is  a  series^ 
of  rocks  remarkably  similar  to  the  Keweenawan,  which  lie  directly  andi 
unconformably  below  the  Cambrian. 

Irving  and  Tan  Hise,193  in  1884,  describe  quartzites  of  many  local- 
ities belonging  to  the  rock  series  referred  to  the  Huronian  in  the  North- 
west, and  find  that  their  supposed  metamorphism  is  due  to  the  deposi- 
tion of  interstitial  silica,  which  has  for  the  most  part  coordinated  itself 
with  the  original  grains,  the  forms  of  the  latter  being  as  perfect  as  at 
the  time  of  deposition.  The  list  of  rocks  given  include  those  from  the 
Original  Huronian,  from  the  various  iron-bearing  regions  of  Michigan 
and  Wisconsin,  from  the  Baraboo  and  Chippewa  quartzites,  from  the 
Minnesota,  Iowa,  and  Dakota  quartzites,  and  from  other  localities. 

Irving  and  Chamberlin,194  in  1885,  give  a  systematic  account  of 
the  junction  between  the  Eastern  sandstone  and  Keweenaw  series  on 
Keweenaw  point.  Detailed  descriptions  are  given  of  the  relations  of 
the  two  series  at  Bete  Grise  bay,  at  the  Wall  ravine,  at  the  St.  Louis 
ravine,  at  the  Douglass  Houghton  ravine,  at  Torch  lake  quarry,  at  Hun- 
garian ravine,  and  at  other  points.  The  conclusions,  and  the  grounds 
upon  which  they  are  based,  of  Jackson ,  Foster  and  Whitney,  Agassiz 
Borainger,  Credner,  and  those  who  have  followed  them,  are  discussed 
in  detail. 

At  Bete  Grise  bay  the  horizontal  sandstone  is  found  upon  approach- 
ing the  melaphyre  to  become  tilted  upward,  and  along  the  junction  is 
found  the  evidence  of  faulting,  both  in  the  fluccan  of  the  sandstone  and 
in  the  broken  character  of  the  melaphyre  at  the  contact.    At  the 
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Wall  ravine  the  sandstone  and  conglomerate  bearing  fragments  of  the 
porphyry-conglomerate,  with  which  rock  the  contact  here  occurs,  are 
found  to  dip  at  a  considerable  angle  away  from  the  eruptive  rock  and 
to  rest  directly  upon  it.  At  the  St.  Louis  ravine  the  sandstone  is  found 
upon  approaching  the  Keweenaw  series  to  become  rapidly  tilted  up- 
ward, and  before  reaching  the  Keweenawan  rocks  to  become  vertical, 
while  the  interstratified  eruptives  and  detrital  rocks  of  the  Keweenaw 
series  dip  away  from  the  sandstone.  At  the  Douglass  Houghton  ra- 
vine  the  horizontal  sandstone  is  found  upon  approaching  the  Keweenaw 
series  to  become  bent  into  a  series  of  folds  and  to  dip  downward  under 
the  traps  and  porphyries,  which  dip  at  a  steeper  angle  in  the  same  di- 
ection.  Along  the  contact  the  trap  is  shattered.  At  Torch  lake 
piarry  the  sandstone  is  found  to  be  in  a  horizontal  position,  there  being 
lio  evidence  whatever  found  that  this  structure  is  jointing  or  that  the 
:eal  dip  has  an  inclination,  as  described  by  Wadsworth.  The  crystal 
outlined  grains  of  sand  here  contained  are  found  to  be  produced  by 
econdary  growth  rather  than  crystals  derived  from  quartz-porphyry. 
At  the  Hungarian  ravine  the  relations  are  much  the  same  as  those  at 
;he  Douglass  Houghton  ravine,  except  that  the  Keweenawan  diabase  is 
nterstratihed  with  conglomerate  instead  of  quartz-porphyry.  Along 
he  contact  the  sandstone  is  broken. 

In  getting  at  an  explanation  of  the  facts  there  must  be  taken  into 
iccount  the  bedded  nature  of  the  Keweenaw  series;  the  uniformity- and 
steadiness  of  dip ;  the  enormous  thickness  of  the  Keneenaw  series ;  the 
general  horizontality  of  the  Eastern  sandstone ;  the  quartzose  character 
)f  the  Potsdam  sands  in  distinction  to  the  silicate  nature  of  the  Kewee- 
lawan  sands 5  the  mutual  relations  and  distribution  of  the  two  series; 
;he  relations  to  topography;  the  relations  of  the  two  series  to  drain- 
age; the  comparative  straightness  but  gentle  undulations  of  the  junc- 
ion  line  throughout  its  course  of  nearly  100  miles;  the  coincidence 
)f  the  line  of  escarpment  with  the  line  of  junction  of  the  two  series; 
he  disturbance  along  the  line  of  contact;  the  special  character  of  the 
iistortions;  the  character  of  the  junction;  the  junction  debris;  theirreg- 
ilar  and  broken  contact  faces  of  the  two  series;  the  fact  that  the  con- 
tact occurs  between  the  Eastern  sandstone  and  different  members  of 
bhe  Keweenaw  series;  the  discordance  of  strike;  the  derivation  of  the 
pebbles  of  the  Eastern  sandstone  from  the  Keweenaw  series;  'the  dis- 
tribution of  the  pebbles,  those  of  the  Keweenaw  series  being  found 
^nly  near  the  immediate  junction;  the  imperfect  assortment  of  the 
pebbles  and  matrix  near  the  junction;  the  angularity  of  the  pebbles  at 
this  place;  the  absence  of  large  fallen  masses  of  trap  in  the  Eastern 
Sandstone;  and  the  proximity  and  relations  of  the  Trenton  limestone, 
nesting  as  it  does  upon  the  Eastern  sandstone  within  a  short  distance. 
These  specifications  are  taken  to  point  with  distinctness  to  the  conclu- 
sion that  the  Keweenaw  series  is  much  older  than  the  Eastern  Potsdam 
I  sandstone,  that  it  was  upturned,  faulted  along  the  escarpment  and 
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much  eroded  before  the  deposition  of  the  Eastern  sandstone,  that  tin?06 
latter  was  laid  down  unconforinably  against  and  upon  the  former,  an< ; )) 
that  subsequent  minor  faulting  along  the  old  line  ensued,  disturbin, 
the  contact  edge  of  the  sandstone. 

Irving,195  in  1885,  discusses  the  divisibility  of  the  Archean  in  th 
Northwest.  The  relations  of  the  Penokee-Gogebic  series  to  the  ovei 
lying  Keweenawan  and  to  the  underlying  complex  are  first  discussec 
The  area  south  of  the  Penokee-Gogebic  series  is  found  to  consist  of  crys 
talline  hornblendic,  chloritic  and  micaceous  schists  which  locally  sho^ 
unmistakable  evidence  of  fragmental  origin,  but  which  as  a  whole  ar 
intensely  metamorphosed.  The  granites,  however,  are  considered  as  c 
eruptive  origin  as  they  intersect  intricately  the  associated  schists  a 
their  contacts  with  them,  but  the  granite  is  never  found  to  cut  th 
overlying  slates.  Above  this  granite-gneiss-schist  area  is,  first,  a  be! 
of  slate  500  feet  thick,  over  this  a  belt  of  iron-bearing  rocks  of  variou 
kinds,  and  above  this  quartzites  and  slates,  all  having  a  dip  to  th 
north  and  extending  for  many  miles  east  and  west.  None  of  these  rock 
are  metamorphic. 

North  of  this  succession  of  layers,  the  Penokee  series,  is  the  Kewee 
nawan  series,  which  appears  at  first  to  be  conformable,  but  a  closer  ii 
spection  shows  that  it  is  now  in  contact  with  one  member  of  the  undei 
lying  series  and  now  with  another,  even  lying  against  the  lowest 
member  of  the  Penokee  series.  These  relations  are  taken  to  imply  tha 
between  the  Keweenawan  and  Penokee  series  there  was  a  long  period  c 
erosion.  There  is  also  an  unconformity  between  the  granite-gneiss-schis 
complex  and  the  Penokee  Gogebic  series.  This  is  shown  in  the  man 
ner  in  which  the  regularly  succeeding  belts  of  the  iron  series  travers 
the  courses  of  the  lower;  in  the  strong  contrast  between  the  two  serie 
in  degree  of  crystallization,  the  lower  series  being  nearly  completel 
crystalline  while  the  higher  is  little  altered,*  in  the  highly  folded  an 
contorted  condition  of  the  lower  series  as  contrasted  with  the  unfolde 
condition  of  the  higher;  in  the  contrast  between  the  contacts  of  th 
granite  with  the  lower  schists  and  with  the  higher  slates,  the  forme 
being  invaded  by  it  in  an  intricate  manner,  the  latter  never;  in  th 
discordant  lamination  of  the  two  sets  of  rocks  when  in  contact  or  clos 
proximity;  in  the  occurrence  in  the  upper  series,  not  only  at  horizon 
above  the  base,  but  also  at  points  on  the  contact  line,  of  abundaii 
detrital  material  from  the  lower  series. 

In  the  Marquette  district  is  found  a  slaty  iron-bearing  series  whic 
by  common  consent  is  regarded  as  the  equivalent  of  the  Penoket 
Gogebic  series ;  but  the  two  have  one  point  of  contrast,  the  Marquett 
is  highly  folded.  Here  intervenes  between  the  iron-bearing  slates  an 
the  granites  and  gneisses  a  set  of  greenish  hornblendic  rocks,  calle 
by  Eominger  a  dioritic  group,  which  at  their  contact  with  the  boundin 
granite  are  penetrated  by  them  in  the  most  intricate  manner,  so  that  on 
can  not  resist  the  conclusion  that  the  granite  is  the  more  recently  forme' 
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rock.  These  green  schists  are  regarded  as  the  equivalent  of  those  cut 
by  granite  in  the  Penokee-Gogebic  district.  On  this  view  the  slate 
series  of  the  Marquette  district,  consisting  in  the  main  of  little  altered 
rocks,  was  built  up  on  a  basement  composed  of  granite  and  gneiss 
and  greenish  schist,  and  subsequently  pushed  into  trough-like  forms. 
En  support  of  this  view  is  cited  the  failure  of  the  granite  to  penetrate 
the  slates  and  quartzites  associated  with  the  iron,  and  the  occurrence 
in  the  higher  series  of  fragments  from  the  lower,  recomposed  rocks 
occurring  at  points  where  the  quartzites  come  in  contact  with  the 
basement  rocks. 

The  Archean  in  these  regions  is  then  divisible  unless  the  upper  series 
ire  called  Cambrian,  for  which  there  is  no  ground  until  in  them  fossils 
tiave  been  discovered.  These  upper  series  are  compared  with  the  Hu- 
ronian of  lake  Huron,  and  are  found  to*  be  lithologically  like  them,  and 
bo  bear  the  same  relations  to  the  underlying  rocks,  and  to  them  the 
term  Huronian  is  applied,  while  the  underlying  complex  is  regarded  as 
Lauren  tian. 

Irving  196,  in  1885,  gives  a  preliminary  account  of  an  investigation  of 
the  Archean  formations  of  the  Northwestern  States.  The  problems  to 
je  solved  are  discussed.  An  examination  of  the  Original  Huronian  area 
)f  Murray  and  Logan  shows  that  it  is  a  series  of  rocks  which  is  bent 
nto  gentle  folds  and  which  is  composed  for  the  most  part,  excluding 
eruptive  material,  of  quartzites  and  graywackes,  with  a  subordinate 
proportion  of  limestone  and  chert.  The  rocks  as  a  whole  are  very  little 
iltered  and  resemble  more  the  fossiliferous  formations  than  the  crystal- 
line schists. 

The  Marquette  and  Menominee  iron-bearing  series  are  highly  folded 
and  the  metasomatic  changes  which  the  crystalline  members  of  the 
series  have  undergone  are  often  extreme.  Excluding  the  greenish 
schists  of  the  lower  part  of  the  series,  which  may  belong  to  an  older 
formation,  the  rocks  are  mainly  fragmental  slates  and  quartzites,  in- 
eluding  a  large  proportion  of  basic  eruptives,  and  also  iron  ores,  lime- 
stones, etc.,  the  whole  having  a  distinctly  Huronian  aspect.  The  vari- 
pus  greenstone  layers  of  Brooks'  scheme  are  regarded  as  eruptive,  either 
contemporaneous  or  subsequent,  as  are  also  many  of  the  greenish  schists 
which  by  gradation  pass  into  the  massive  greenstones.  The  iron  ore 
and  jasper  are  regarded  as  of  sedimentary  origin,  being  remarkably 
like  similar  material  in  the  Penokee-Gogebic  and  Vermilion  formations 
where  there  can  be  no  doubt  of  their  water-deposited  character.  In  the 
Marquette  district,  as  well  as  in  the  Vermilion  lake  district  in  Minne- 
sota, are  conglomerates  overlying  the  iron  belt  which  sometimes  con- 
tain fragments  of  the  underlying  formation  several  feet  in  length. 
These  fragments  prove  the  existence  of  the  thejaspery  and  chalcedonic 
material  in  its  present  condition  before  the  formation  of  the  overlying 
quartzite. 

The  Penokee-Gogebic  iron  belt  is  regarded  as  continuous  with  the 
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Huronian  of  the  Marquette  district.  The  slate  belt  of  the  St.  Louis  anc 
Mississippi  rivers  is  undoubtedly  the  equivalent  of  the  Animikie  series 
and  of  the  Huronian.  Equivalent  with  those  are  also  the  quartzites  o; 
Chippewa  and  Barron  counties,  the  ferruginous  schists  of  the  Black 
Biver,  the  Baraboo  quartzites,  and  the  quartzite  series  of  southerr 
Minnesota  and  southeastern  Dakota. 

At  .New  Ulin  and  Bedstone  in  Minnesota  the  quartzites  and  conglom 
erates  plainly  uncomformably  overlie  the  gneiss.  The  thickness  of  this 
formation  here  exx>osed  is  probably  about  5,000  or  6,000  feet,  a  contin 
uous  section  being  found  by  Merriam  at  Sioux  Falls,  South  Dakota 
having  a  thickness  of  not  less  than  3,000  to  4,000  feet.  The  tilted  post 
tion  of  these  quartzites,  their  great  thickness,  their  lithological  contrast  j 
with  the  Potsdam  sandstone,  make  it  evident  that  between  these  series 
and  the  overlying  Potsdam  sandstone  is  a  great  unconformity. 

In  the  Animikie  series  is  a  strongly  marked  continuous  horizon  on 
cherty  and  jaspery  magnetitic  schists  and  quartzites.  The  series  as  a 
whole  is  quite  flat-lying,  although  having  subordinate  irregularities 
The  series  having  ferruginous  schists  north  and  west  of  lake  Superior 
are  regarded  in  part  as  having  been  once  continuous  with  the  Animikie 
series  and  are  now  separated  merely  because  of  erosion  on  the  crowns 
of  the  folds,  the  close  folding  of  the  Vermilion  schists  being  produced 
concomitantly  with  the  broad  simple  trough  of  lake  Superior.  In  sup -i 
port  of  this  position  is  the  fact  that  the  great  conglomerate  of  Ogishki 
Manissi,  with  the  alternating  quartzites  and  slates  of  Knife  lake,  is 
strikingly  like  the  Huronian  rocks.  It  is  also  the  case  that  in  the 
vicinity  of  Agamok  lake  the  Animikie  quartzites  appear  gradually  tt 
take  on  a  folded  condition. 

In  these  various  Huronian  areas  quartzites,  graywackes,  and  clay 
slates,  with  intermediate  phases,  make  up  the  most  of  the  clastic  series- 
As  has  been  seen,  these  are  rocks  which  have  been  indurated  by  meta 
somatic  changes,  and  it  follows  that  the  bulk  of  the  rocks  which  form 
the  Huronian  do  not  properly  fall  under  the  head  of  metamorphic  rocks. 
The  various  augitic  and  hornblendic  greenstones,  peridotites,  and  fels- 
itic  porphyries  are  regarded  as  eruptives,  while  many  of  the  schists  are 
modified  rocks  of  the  same  character.  The  cherty  and  jaspery  rocks 
are  supposed  to  be  some  sort  of  original  chemical  sediment,  certainly  | 
not  the  result  of  metamorphism  of  sedimentary  material.  The  lime- 
stones are  in  no  essential  respect  different  from  many  met  with  in  the 
formations  of  later  date. 

Irving-,197  in  1886,  discusses  the  origin  of  the  ferruginous  schists  and  | 
iron  ores  of  the  lake  Superior  region.    An  examination  of  the  Animi- 
kie, Penokee,  Marquette,  Menominee,  and  Vermilion  districts  reveals  the 
fact  that  in  all  of  them  is  found  abundant  carbonate  of  iron,  which  often- 
times grades  into  the  other  forms  of  the  iron-bearing  formation.     The  || 
silica  of  the  jasper,  actinolite,  magnetite  schists,  and  other  forms  oil 
the  iron  belt  never  shows  any  evidence  of  fragmental  texture,  so  easily  | 
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discovered  in  the  case  of  the  ordinary  quartzites  and  graywaekes,  and 
is  therefore  of  chemical  origin.  Associated  with  the  iron-bearing  beds 
is  often  a  considerable  quantity  of  carbonaceous  or  graphitic  schists. 
It  is  concluded,  (1)  That  the  original  form  of  the  iron-bearing  beds  of 
the  lake  Superior  region  was  that  of  a  series  of  thinly  bedded  carbon- 
ates, interstratilied  with  carbonaceous  shaly  layers  in  places,  which 
were  more  or  less  highly  ferriferous.  (2)  That  by  a  process  of  silicifi 
cation  these  carbonate-bearing  layers  were  transformed  into  the  various 
kinds  of  ferruginous  rocks  now  met  with.  (3)  The  iron  thus  removed 
from  the  rock  at  the  time  of  siiicification,  passed  into  solution  in  the 
percolating  waters,  was  redeposited  in  various  places,  and  thus  formed 
the  ore  bodies  and  bands  of  pure  oxide  of  iron.  (4)  That  in  other 
places,  instead  of  leaching  oat,  the  iron  has  united  with  the  silicifying 
waters  to  form  the  silicates  uoav  fouud,  such  as  actinolite.  (5)  That 
some  of  the  silicifying  process  went  on  before  the  folding,  but  some 
afterwards,  and  to  the  latter  period  belong  probably  the  larger  bodies 
of  crystalline  ore. 

Willis,198  in  1886,  describes  the  rock  occurrences  at  several  iron  dis- 
tricts in  northeastern  Minnesota.  At  Pokegama  falls  on  tke.Mississippi 
ire  found  outcrops  of  red  quartzite,  coarse  grained  sandstone,  some- 
times metamorphosed  to  a  quartzite  and  irregularly interstratified  with 
tiard  specular  ore.  On  Prairie  river  is  found  granite,  southeast  of 
which  are  quartzites,  sandstone,  and  ore. 

At  Vermilion  lake  the  iron-bearing  series  has  a  dip  of  between  85° 
ind  90°,  the  structure  being  regarded  as  an  anticline,  upon  the  north 
side  of  which  is  the  Vermilion  range  and  on  the  south  side  that  of  Two 
rivers.  The  succession  from  the  base  upward  is  as  follows:  (1)  Light 
preen,  thinly  laminated,  chloritic  schist.  (2)  Jasper  of  white,  gray, 
3rown,  and  bright  red  colors,  interstratilied  with  layers  of  hard  bine 
Specular  ore,  which  also  occurs  in  ore-bodies  of  considerable  extent  run- 
ling  across  the  bedding;  thickness  200  to  000  feet  or  more.  (3)  Chlor- 
tic  schist,  similar  to  1 ;  original  thickness  probably  about  150  feet.  (4) 
Quartzite,  dark  gray,  white,  or  black,  of  sac  char  oidal  text  are,  contain- 
ng  grains  of  magnetite  which  make  it  a  readily  recognized  magnetic 
formation;  probable  thickness  200  feet,  (5)  Conglomerate,  consisting 
of  sandstone  pebbles  and  traces  of  black  slate  inclosed  in  siliceous 
Ihloritic  schist.  (6)  Compact  homogeneous  rock,  composed  of  quartz 
grains,  chlorite,  hornblende,  plagioclase  feldspar,  and  calcite.  This 
rock  may  be  an  eruptive  quartz-diorite,  but  is  considered  a  metamor- 
phosed sedimentary  transition  bed  between  5  and  7.  (7)  Black  clay 
slate,  fissile  and  sonorous.  It  occupies  a  broad  area  north  of  Vermilion 
range.  In  section  28  huge  masses  of  jasper  form  the  crown  of  the  arch 
and  are  imbedded  in  green  schist,  with  which  they  agree  in  strike  and 
ftip.  The  jasper  blocks  are  rectangular  and  several  hundred  feci  long; 
the  ends  of  the  bands  come  out  squarely  fco  the  contact  with  the  schist 
las  to  a  fault. 

Bull.  86—10 


146  PRE-CAMBRIAN    ROCKS    OF    NORTH    AMERICA.  [bill. 86. 

Irving,199  in  1887,  discusses  the  separability  of  a  Huronian  group 
from  an  underlying  series.  The  character  of  the  Original  Huronian 
area  is  again  fully  discussed.  When  two  series  of  rocks  are  in  contact, 
one  of  which  is  crystalline  in  character  and  the  other  unquestionably 
of  sedimentary  origin,  there  is  presumptive  evidence  of  a  discordance 
between  them,  as,  whatever  the  origin  of  the  crystalline  schists,  their 
present  condition  indicates  the  action  of  long-continued  and  deep-seated 
processes  of  alteration  and  profound  erosion  before  the  deposition  upon 
them  of  the  overlying  detritals.  In  the  Original  Huronian  area  there 
is  not  only  this  distinction  in  its  most  marked  form,  but  also  the  actual 
contact  between  this  series  and  the  Archean  complex  is  found  near  the 
mouth  of  Thessalon  river,  the  upper  series  having  at  its  base  a  basal 
conglomerate,  the  fragments  of  which  are  plainly  derived  from  the 
foliated  crystalline  underlying  series.  Allied  phenomena  are  also' 
seen  on  the  Canadian  Pacific  railway  between  Algoma  mills  and  Sud- 
bury. It  is  concluded  that  tin1  Huronian  has  a  group  value  because  it 
is  essentially  noncrystalline,  because  it  is  truly  clastic  and  sediment- 
ary, and  because  it  has  an  immense  volume.  There  is  reason  to  believe 
that  the  area  which  stretches  from  the  north  shore  of  lake  Huron  to 
the  Mississippi  river,  including  the  basin  of  lake  Superior,  is  one  geo- 
logical basin. 

In  the  Marquette  district  the  contradictory  conclusions  reached  by 
older  writers  are  regarded  as  due  to  the  fact  that  the  stratiform  rocks 
themselves  are  made  up  of  two  entirely  distinct  sets  5  an  older  series 
of  intensely  altered  and  crumpled  crystalline  schists,  in  the  main  of 
greenish  color,  which  are  intricately  invaded  by  the  granite,  and  a  newer, 
little  altered,  mainly  fragmental  series  whose  contacts  with  the  granites 
and  the  schists  of  the  older  basement  are  such  as  to  render  an  interven- 
ing structural  break  evident.  The  peculiar  granitoid  quartzites  which 
Eominger  regards  as  having  been  produced  by  the  metamorphosed 
action  of  granite  are  plainly  detrital  derivatives  from  the  granite,  and: 
often  run  into  coarse  bowlder  conglomerates,  particular  occurrences  of 
which  are  described.  Here,  as  north  of  lake  Huron,  as  proof  of  distinct- 
ness of  the  newer  series,  is  a  general  lithological  contrast  between  the 
two;  visible  discordances;  the  penetration  of  the  lower  strata  of  the 
lower  series  by  granite  veins  which  fail  to  penetrate  the  higher  detrital 
rocks,  but  yield  fragments  to  them ;  the  development  of  true  basal  con-1; 
glomerates  at  the  contacts  of  the  two  series;  and  the  fact  that  the 
higher  detrital  rocks  are  in  contact  with  different  members  of  the  lower? 
series.  The  most  abundant  of  the  upper  series  detrital  rocks  are 
quartzites,  but  there  are  also  present  clay-slates,  shales,  mica-schists, 
and  various  calcareous  anddolomitic  rocks,  with  jasper  and  ferruginous 
schists  and  iron  ores  which  are  regarded  as  chemical  sediments. 

In  j)assing  southward  from  Marquette  great  areas  underlain  by  the 
granites,  gneisses  and  schists  of  the  older  formation  are  passed,  but' 
before  the  Menominee  river  is  reached  at  least  four  distinct  belts  are 
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crossed  occupied  by  the  newer  iron-bearing  series.  These  belts  of 
newer  rocks  are  more  closely  folded  than  the  Marquette  district,  but 
the  relations  between  the  newer  and  older  series  are  identical  with  that 
district. 

Passing  now  to  the  Penokee  district  of  northern  Wisconsin  and 
Michigan,  the  iron-bearing  series  is  highly  tilted  but  unfolded,  and  the 
relations  are  therefore  particularly  plain.  Here  the  lower  of  the  two 
unconformities  is  established  (1)  by  the  fact  that  the  iron-bearing  series 
traverses  lithologically  distinct  areas  of  the  older  or  basement  forma- 
tion; (2)  the  intersection  of  the  older  schistose  rocks  by  granite  which 
never  cut  the  higher  series;  (8)  the  occurrence  in  the  higher  series  of 
basal  conglomerates,  fragments  of  which  are  from  the  underlying  gneiss, 
granite,  and  schist;  (4)  the  lithological  contrast  of  the  two  sets  of 
rocks,  the  lower  being  completely  crystalline,  folded  and  foliated,  while 
the  upper  is  but  little  altered  and  regularly  bedded.  The  upper  uncon- 
formity is  shown  by  the  manner  in  which  the  flows  of  the  Keweenaw 
series  are  found  in  contact  with  all  members  of  the  iron  series  at  dif- 
ferent places  along  the  contact  line. 

The  Animikie  series  is  gently  tilted,  and  rests  in  palpable  unconform- 
ity upon  a  folded  series  of  schists,  granites,  and  gneisses.  Above  it  is 
the  Keweenaw  series,  which  bears  the  same  relations  to  the  underlying 
rocks  as  they  do  to  the  Penokee  series. 

North  of  the  Animikie  beds  are  schistose  iron-bearing  rocks,  which 
extend  from  Vermilion  lake  to  the  vicinity  of  Knife  and  Saganaga 
lakes.  These  are  flanked  by  gneisses  and  granites,  and  on  account  of 
their  lithological  similarity  to  the  Animikie  rocks  are  taken  to  be  their 
folded  equivalent.  While  there  is  not  here  the  same  palpable  uncon- 
formities as  in  the  other  regions  discussed,  it  is  believed  that  there  are 
two  groups  of  rocks,  the  apparent  conformity  being  due  to  the  intense 
folding. 

There  is  then  a  graded  series  in  the  structural  relations  of  the  older 
and  newer  rocks  from  the  Animikie,  which  lie  upon  the  older  forma- 
tions with  a  slight  inclination  through  the  Penokee,  which  is  unfolded, 
although  deeply  inclined;  the  typical  Huronian,  which  is  gently  folded 
without  schistose  structure ;  the  Marquette,  which  is  crumpled  between 
walls  of  older  schists ;  the  Menominee  district,  where  the  folding  is  so 
close  that  the  discordances  are  no  longer  distinct;  to  the  Vermilion 
lake  district,  where  extreme  pressure  has  produced  a  general  commu- 
nity of  inclination  between  the  two  groups  of  rocks.  There  is  then 
in  all  these  regions  a  great  basement  complex  of  crystalline  schists, 
gneisses,  and  granites,  above  which,  separated  by  a  great  structural 
hiatus,  is  the  Huronian  group,  mainly  of  detrital  rocks,  which  is  fol- 
lowed in  turn,  after  a  severe  structural  break,  by  the  Keweenaw  group, 
upon  the  eroded  edges  of  which  rest  the  Potsdam  or  Upper  Cambrian 
sandstone.  For  the  combination  of  clastic  series  above  the  basement 
complex  and  below  the  Potsdam  sandstone  the  system  name  Agnoto- 
zoic  is  proposed. 


148  PRE-CAMBRIAN    ROCKS    OF    NORTH    AMERICA.  [bull.  86. 

I r vino,200  in  1888,  discusses  tlie  classification  of  the  early  Cambrian 
and  pie-Cambrian  formations,  and  particularly  those  of  the  north- 
western states.  The  relations  of  the  Baraboo  quartzites  to  the  Pots- 
dam sandstone,  the  relations  of  the  Potsdam  to  the  Keweenaw  series, 
the  relations  of  the  Animikie,  Penokee,  Marquette,  Menominee,  and 
Vermilion  lake  iron-bearing  series  to  the  underlying  and  overlying 
series  are  again  fully  discussed.  The  Keweenawan  is  held  to  overlie 
the  Huronian  everywhere  by  a  very  considerable  unconformity.  Evi- 
dence before  given  is  repeated,  and  important  additional  evidence  of 
the  break  is  found  in  nortb eastern  Minnesota.  At  the  base  of  the  Ke- 
weenawan is  a  great  mass  of  gabbro,  which  extends  from  Duluth  north- 
east to  the  national  boundary,  more  than  100  miles,  and  at  its  maxi- 
mum is  more  than  20  miles  wide.  This  basal  gabbro  is  now  in  contact 
with  one  member  of  the  Animikie,  and  now  with  another,  while  in 
other  places  it  is  in  contact  with  the  lower  crystalline  schists  or  gran- 
ite. In  the  Huronian  are  placed  the  Original  Huronian,  the  iron-bear- 
ing series  of  Michigan  and  Wisconsin,  the  Black  river  falls  iron-bearing 
series,  theAnimikie  series,  the  St.  Louis  and  Mississippi  slate  series,  the 
Vermilion  lake  iron-bearing  series,  the  Baraboo  quartzite  series,  and 
the  Sioux  quartzite  series.  Under  the  Huronian  is  the  Laurentian, 
separated  from  it  by  a  great  unconformity.  This  is  a  series  of  granites, 
gneisses,  hornblende- schists,  mica- schists,  and  other  green  schists. 

These  correlations  are  held  to  be  warranted  both  by  the  lithological 
ikenesses  of  the  rocks  in  the  different  districts  referred  to  the  same 
grand  division,  and  the  lithological  contrasts  between  the  divisions,  as 
well  as  by  the  fact  that  such  unconformities  as  exist  between  the  series 
must  necessarily  have  a  very  wide  extent.     That  one  or  two  organic 
forms  have  been  found  in  the  rocks  referred  to  the  Huronian  is  not  suf- 
ficient evidence  for  extending  the  term  Cambrian  down  to  cover  this- 
and  the  Keweenawan  groups.     In  the  Huronian  are  shales  and  slates 
which  have  abundant  organic  matter  and  important  beds  of  ferruginous' 
strata  which  were  probably  accumulated  because  of  the  existence  of 
organic  matter.    The  fossils  discovered  are  of  types  which  have  a  great 
vertical  range  above  the  Cambrian  and  may  have  as  great  a  vertical 
range  below  it.    That  a  pre-Cambrian  fauna  existed  is  evident,  while  it  is} 
probable  that  this  fauna  had  affinities  with  the  Cambrian  itself.     Such "i 
weak  paleontological  evidence  is  not  sufficient  reason  to  disregard  the 
enormous  thickness  of  the  formations  to  be  included  in  the  Cambrian  in:i 
case  the  Keweenawan  and  Huronian  are  here  placed,  as  well  as  the  two.' 
great  unconformities  below  the  Potsdam  which  must  also  be  covered  by 
this  term.    Archean  is  restricted  to  the  pre- Huronian  rocks.     The  vol- 
ume of  the  clastic  series  between  the  Cambrian  and  the  Archean  is  such 
as  to  demand  a  term  of  value  equivalent  with  Paleozoic,  and  Agnoto- 
zoic  or  Eparchean  is  proposed  as  this  term. 

Van  Hise,201  in  1889,  finds  the  iron  ores  of  the  Penokee-Gogebil 
series  to  be  of  sedimentary  origin  and  to  have  been  derived  from  an 
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original  clierty  carbonate  of  iron  which  is  yet  abundantly  present  in 
the  upper  horizons  of  the  ore-bearing  formation. 

Hall203  (C.  W.),  in  1889,  describes  the  distribution  of  the  granites  of 
the  Northwestern  states,  and  particularly  those  of  Minnesota.  They 
are  found  to  be  either  intrusive  or  granitic  veinstones,  the  latter  being 
insignificant  in  quantity.  The  granites  of  Minnesota  as  to  age  are 
probably  later  than  the  Laurentian  floor  of  the  continent  but  earlier 
than  the  close  of  the  Agnotozoic  era.  There  are  three  or  four  grand 
periods  of  eruptive  activity. 

Williams,203  in  1890,  as  a  result  of  an  extended  examination  of  the 
field  relations  and  microscopical  characters  of  the  widespread  green- 
stones, greenstone  schists,  and  agglomerates  of  the  Marquette  and  Me- 
nominee districts,  concludes  that  they  are  all  of  eruptive  origin.  This 
conclusion  is  reached  from  a  consideration  of  the  field  evidence,  the 
schistose  phases  being  frequently  traced  by  continuous  gradations  into 
massive  forms;  and  from  the  microscopical  evidence,  these  unaltered 
forms  having  all  the  characteristics  of  eruptive  rocks.  The  original 
rock  types  were  rather  numerous,  including  gabbro,  diabase,  diabase- 
porphyry,  melaphyre,  diorite,  diorite-porphyry,  and  tuffs.  These  rocks 
have  been  compressed,  faulted,  and  crushed,  as  a  result  of  which,  com- 
bined with  metasomatic  changes,  their  present  condition  is  produced. 

Irving,204  in  1890,  discusses  the  field  relations  of  the  greenstones  and 
greenstone  schists  of  the  Marquette  and  Menominee  districts.  Afield 
study  of  these  rocks,  heretofore  generally  considered  sedimentary,  led 
to  the  conclusion  that  they  are  largely  of  eruptive  origin,  and  the  de- 
tailed study  of  Williams  has  shown  this  conclusively.  In  the  Marquette 
district  the  line  of  demarcation  between  the  schists  and  granites  is  not 
a  sharp  one,  the  granites  intricately  intruding  the  schists,  often  in  such 
a  manner  as  to  render  it  certain  that  the  granite  is  the  later  rock.  Also 
the  basic  dikes  which  cut  the  greenstone  schists  are  of  wholly  subse- 
quent date  to  the  schists  themselves,  and  are  equivalent  in  age  to  those 
which  have  intruded  the  overlying  detrital  iron  bearing  series.  On  the 
other  hand,  it  is  concluded  that  the  greenstone  schists  themselves  do  not 
belong  within  the  same  geological  period  as  that  which  holds  the  remain- 
der of  the  stratiform  rocks  of  the  region;  that  is,  the  greenstone  schists 
are  placed  along  with  the  granites  and  gneisses  to  form  the  basement 
upon  which  the  overlying  detrital  iron-bearing  series  was  horizontally 
and  unconformably  spread.  This  is  shown  by  the  fact  that  at  a  number 
of  points  the  detrital  beds  which  form  the  basement  member  of  the  iron- 
bearing  series  proper  bear  numerous  water  worn  fragments  of  the  gran- 
ite when  in  contact  with  that  rock,  and,  when  in  contact  witli  the  green- 
stone schists,  fragments  of  those  rocks.  In  some  cases  the  basal  quartz- 
ite  appears  to  grade  into  the  granite,  but  a  study  of  this  quartzite  in 
the  thin  section  shows  its  completely  fragmental  character.  These  con- 
tacts or  basal  conglomerates  are  described  in  Sees.  1,  2,  3,  4,  5,  T.  47  N"., 
E.  25  W.,  Mich.;  in  Sees.  21  and  22,  T.  47  K,  B.  20  W.,  Mich.;  in  Sec. 
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29,  T.  48  N.,  R.  25  W.,  Mich.;  in  Sec.  20,  T.  48  K,  R.  27  W.,  Mich.;  in 
Sec.  17,  T.  48  K,  R.  26  W.,  Mich.;  in  Sec.  21,  T.  48  N.,  R.  27  W.,  Mich.; 
and  at  various  points  in  T.  49  N.,  R.  28  W.,  Mich. 

From  these  occurrences  it  does  not  appear  possible  to  escape  the 
conclusion  that  the  greenstone  schists,  together  with  the  granite,  are 
greatly  older  than  the  detrital  rocks,  and  before  the  latter  were  formed 
had  already  suffered  disturbance  and  deep  denudation.  This  is  cer- 
tainly true  if  the  underlying  rocks  are  fragmental,  and  the  conclusion  can 
not  be  escaped  if  they  are  eruptive,  for  both  the  greenstone  schists  and 
the  gneissoid  granite  must  have  received  their  schistosity  before  yielding 
the  fragments;  and,  moreover,  their  character  is  such  that  it  is  gener- 
ally believed  that  they  must  have  crystallized  in  depth,  and  must 
therefore  have  had  removed  from  them  great  masses  of  material  before 
yielding  the  discovered  fragments  to  wave  action.  There  are  evi- 
dently granitic  rocks  of  two  different  ages  in  the  Marquette  district, 
because  dikes  of  a  fine  grained  reddish  granite  frequently  cut  the 
other  granite.  This  later  granite,  of  relatively  small  extent  compared 
with  the  main  masses,  may  have  perhaps  been  later  in  time  of  forma- 
tion than  the  detrital  rocks  themselves,  as  indicated  by  the  presence  of 
rare  quartz  porphyry  dikes  and  rare  granitic  dikes  in  the  Felch  moun- 
tain district  intersecting  a  ferruginous  schist  of  the  iron-bearing  series. 

The  above  conclusions  are  further  confirmed  by  the  fact  that  the] 
later  greenstones  interstratified  with  sedimentary  layers,  as  shown  by 
Prof.  Williams,  are  precisely  like  the  corresponding  dikes  in  the  green- 
stone schist  area,  which  were  evidently  intruded  subsequent  to  the 
production  of  a  schistosity.    Also  the  schistosity  of  the  greenstone 
schists  corresponds  at  times  with  the  bedded  structure  of  the  iron  series,  I 
while  at  other  times  there  is  no  such  correspondence.     A  similar  ex- ; 
animation  of  the  facts  in  the  Menominee  district  leads  to  identical 
conclusions;  that  is,  that  the  granite  both  south  and  north  of  the  iron- 
bearing  series  and  the  associated  green  schists  and  gneisses  consti- 
tute a  complex  upon  which  the  newer  series  was  deposited. 

Irving  and  Van  Hise,205  in  1890  and  1892,  give  a  detailed  descrip- 
tion of  the  Penokee  series  of  Michigan  and  Wisconsin,  of  the  complex 
of  rocks  south  of  this  series,  and  discuss  the  relations  which  the  Pen- 
okee rocks  bear  to  the  underlying  and  overlying  series,  as  well  as  to 
the  Eastern  sandstone. 

South  of  the  Penokee  series  is  the  Southern  Complex,  an  area  of  fine 
grained  green  hornblende-schists  and  mica-schists,  gneisses,  and  gran- 
ites. There  is  often  no  proper  contact  between  the  granite,  gneiss,  and 
schist,  but  an  apparent  gradation  through  a  considerable  distance 
from  one  to  the  other,  while  the  granite  often  also  cuts  the  schist, 
playing  the  part  of  a  later  intrusive.  Distant  from  the  lines  of  contact 
the  schists  occupy  considerable  areas.  In  none  of  these  rocks  is  dis- 
covered any  evidence  of  clastic  origin.  If  the  massive  granites  and! 
syenites  are  regarded  as  eruptive,  it  must  be  concluded  that  many  oil 
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the  schists  also  have  alike  origin,  because  of  the  gradations  between 
them. 

The  Penokee  series  proper  is  made  up  of  three  members,  Quari  z  Slate, 
Iron-Bearing,  and  Upper  Slate,  and  these  rest  unconformable  upon  a 
Cherty  Limestone  member. 

The  Cherty  Limestone  below  the  base  of  the  Penokee  series  proper 
varies  in  thickness  from  nothing  to  300  feet  and  is  not  continuous. 
This  member  shows  no  evidence  as  a  whole  of  mechanical  origin, 
although  occasionally  a  small  amount  of  detrital  material  is  found  in  it. 
It  is  regarded  either  as  a  chemical  or  organic  sediment,  and  is  called 
the  Lower  Penokee  formation. 

The  Quartz-Slate  member,  resting  upon  the  Cherty  Limestone  or  upon 
the  Southern  Complex,  is  a  continuous  persistent  layer  of  very  constant 
thickness  for  many  miles.  It  is  for  the  most  part  in  the  neighborhood 
of  450  feet  thick,  although  at  one  locality  it  reached  800  feet  in  thick- 
ness. The  rocks  of  which  it  is  composed  comprise  feldspathic  quartz- 
slates,  biotitic  and  chloritic  quartz-slates,  and  vitreous  quartzite,  the 
latter  being  a  persistent  phase  at  the  uppermost  horizon. '  All  these 
rocks  are  plainly  fragmental  and  for  the  most  part  little  altered,  although 
occasionally  by  metasomatic  changes  they  have  become  semicrystalline. 
The  lowest  horizon  of  the  Quartz -Slate  in  the  Penokee  series  proper 
was  found  at  times  to  be  a  vitreous  quartzite  and  other  times  to  be  a  con- 
glomerate. The  debris  of  this  conglomerate  is  usually  derived  chiefly 
from  the  Southern  Complex,  but  at  several  localities  contains  a  large 
quantity  of  chert  from  the  Cherty  Limestone  member,  and  also  includes 
a  considerable  amount  of  red  jasper  pebbles,  and  occasionally  contains 
pebbles  of  white  vitreous  quartzite. 

The  next  overlying  formation  is  the  Iron-Bearing  member,  which  is 
longitudinally  coextensive  with  the  underlying  Quartz-Slate.  The 
thickness  of  this  formation  is  surprisingly  uniform,  varying  for  the 
most  part  between  800  and  1,000  feet,  although  at  its  eastern  extremity 
it  apparently  becomes  thicker.  The  main  phases  of  rocks  here  in- 
cluded are  slaty  and  cherty  iron  carbonates,  ferruginous  slates  and 
cherts,  and  actinolitic  and  maguetitic  slates,  none  of  which  show  any 
evidence  of  being  of  mechanical  origin.  The  original  form  of  the  entire 
formation  is  taken  to  be  an  impure  cherty  iron  carbonate,  also  bearing 
magnesium  and  calcium  carbonate.  From  this  condition  the  many 
phases  and  varieties  of  rocks  now  found  are  traced  by  minute  stages. 
These  transformations  are  mainly  produced  by  secondary  chemical 
changes.  A  comparison  with  the  iron-bearing  formation  of  the  Animi- 
kie  shows  that  it  consists  of  the  same  kind  of  rocks,  which  have  been 
derived  from  an  iron  carbonate  in  the  same  manner  as  those  of  the  iron 
formation  of  the  Penokee  series.  The  iron  ores  are  found  to  rest  for 
the  most  part  upon  the  underlying  quartzite  and  upon  a  seriesof  dikes 
which  have  cut  the  stratified  layers.  The  ores  in  this  position  are  sec- 
ondary Concentrations  regarded  as  produced  at  the  same  time  as  the 
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modifications  of  the  IromBearing  member  and  due  to  downward  perco- 
lating water,  which  has  removed  silica  and  has  substituted  iron  oxide. 

The  Upper  Slate  member  follows  above  the  Iron-Bearing  member.  It 
is  of  great  and  variable  thickness,  the  maximum  being  over  12,000  feet, 
and  it  varies  from  this  to  entire  disappearance,  the  overlying  series 
coming  in  contact  with  the  Iron-Bearing  or  lower  members.  The  rocks 
here  comprised  are  mica-schists  and  mica-slates,  graywackes  and  gray- 
wacke-slates,  clay-slates  or  phyllites,  and  quartzites  and  conglomerates, 
all  of  which  are  of  original  mechanical  detrital  origin.  The  mica- 
schists  and  mica-slates  are  traced  by  imperceptible  stages  back  to  their 
original  little  altered  or  unaltered  condition. 

These  three  members  constitute  the  Penokee  series  proper.  The 
Eastern  area  of  the  series  is  found  to  differ  in  many  respects  from  the 
main  area  already  described.  This  was  the  center  of  great  contempo- 
raneous volcanic  activity,  and  consequently  the  succession  includes 
large  thicknesses  of  lava  flows  and  volcanic  tuffs,  which  are  not  paral- 
leled by  the  rocks  found  in  the  western  area,  and  as  a  result  of  thi 
disturbing  force  the  detrital  succession  is  not  so  simple  and  regular. 

With  the  Penokee  series  are  found  eruptives  of  two  classes,  dikes 
cutting  the  formation  and  interbedded  sheets,  which  are  probably  in 
trusions  of  the  same  age  as  the  dikes.  These  eruptives  are  usually 
diabases,  which  are  like  the  dikes  found  in  the  complex  below  the 
Penokee  series,  and  which  chemically  are  like  the  overlying  Keweenaw 
series. 

The  Penokee  series  has  approximately  an  east-  and  west  strike,  is 
unfolded,  and  dips  to  the  north  at  an  angle  varying  usually  from  60° 
to  80°.  There  are  sharp  flexures  at  a  few  points  and  small  faults  at 
only  two  localities. 

While  the  strikes  and  dips  of  the  Penokee  series  are  persistent,  those  of 
the  underlying  schists  are  variable  and  often  are  at  marked  discordance 
with  the  Penokee  succession.  The  granites  which  cut  the  fine  grained 
schists  of  the  underlying  complex  are  never  seen  to  intersect  the  lime 
stone  or  quartz- slate.  At  quite  a  number  of  places  the  limestone  or 
quartz-slate  is  found  immediately  adjacent  to  or  in  actual  contact  with 
the  underlying  complex,  when  it  is  always  found  to  bear  numerous 
water-worn  fragments  from  the  Southern  Complex,  the  condition  of  which 
is  that  of  the  rock  from  which  it  is  derived.  When  the  contact  is  with 
the  green  schists  the  schistose  structure  of  the  underlying  rocks  abuts 
against  the  strike  of  the  quartz-slate,  while  the  fragments,  with  their 
greater  length  parallel  to  the  schistose  structure,  are  found  with  their 
longer  diameters  in  the  direction  of  the  bedding  of  the  slate,  showing 
that  their  schist osity  was  produced  before  they  were  broken  from  their 
original  position.  It  is  then  concluded  that  the  Southern  Complex  is 
separated  from  the  Penokee  series  by  a  great  unconformity,  and  that  as 
the  quartz-slate  is  persistent  for  a  distance  of  many  miles,  that  the 
underlying  complex  had  nearly  reached  a  base  level  before  the  overly- 
ing series  was  deposited. 


vanhisb.1  LAKE    SUPERIOE    REGION.  153 

Above  the  Penokee  .series  are  the  Keweenawan  rocks,  which  are  found 
at  Tyler's  fork  above  a  thickness  of  at  least  13,000  feet  of  sediments 
belonging  to  the  Penokee  series.  In  passing  east  or  west  from  this 
point  the  Keweenawan  rocks  come  in  contact  with  lower  and  lower 
horizons  of  the  Penokee  series.  At  one  place  the  entire  succession 
appears  to  be  cut  off  by  it.  This  is  taken  to  imply  that  between  the 
deposition  of  the  Penokee  series  and  the  outflows  of- Keweenawan  time 
there  lapsed  a  sufficient  time  for  erosion  to  remove  at  least  this  thick- 
ness of  sediments,  and  consequently  that  between  the  Keweenawan 
and  Penokee  series  is  a  very  considerable  unconformity. 

This  unconformity  is  not,  however,  evident  in  single  cross-sec- 
tions. The  bedded  Keweenawan  traps  have  a  high  inclination  which 
is  not  markedly  different  from  that  of  the  Penokee  succession.  The 
inclination  of  this  bedding  is  ascertained  by  the  contacts  of  the  differ- 
ent flows,  by  the  inclination  of  their  amygdaioidal  horizons,  and,  north 
of  Bessemer,  by  the  contact  between  the  traps  and  an  interleaved  sand- 
stone. 

At  lake  Gogebic  the  Eastern  sandstone  is  found  in  a  horizontal  posi- 
tion to  rest  against  the  upturned  edges  of  the  Southern  Complex  and 
Penokee  series  alike,  and  to  contain  numerous  characteristic  fragments 
which  can  have  been  derived  only  from  these  series.  Also  very  numer- 
ous fragments  are  found  equally  characteristic  of  the  Keweenaw  series, 
and  it  is  therefore  concluded  that  after  the  deposition  of  the  Penokee 
and  Keweenawan  series,  before  the  Eastern  sandstone  was  laid  down, 
that  the  two  former  were  upturned  and  suffered  great  denudation. 

A  comparison  of  the  Penokee  series  proper  and  the  Animikie  series 
shows  that  they  are  made  up  of  like  succession  of  rocks,  occupying  the 
same  relative  positions  with  reference  to  overlying  and  underlying  rocks, 
one  dipping  northward  under  the  basin  of  lake  Superior  and  the  other 
dipping  southward  under  the  same  body  of  water.  They  are  therefore 
regarded  as  equivalent.  As  probably  equivalent  with  the  Penokee 
series  are  also  placed  the  various  areas  of  rocks  in  the  lake  Superior 
basin  referred  to  the  Upper  Huronian. 

A  comparison  of  the  Penokee  with  the  Marquette  succession  shows 
that  there  is  a  very  close  correspondence.  Unconformably  below  the 
Marquette  and  Penokee  elastics  is  a  crystalline  basement  complex. 
Within  the  pre-Keweenawan  elastics  in  each  district  is  a  second  phys- 
ical break.  Below  this  break,  in  the  Penokee  district,  the  formations 
tof  the  lower  Marquette  are  now  represented  only  by  the  Oherty  Lime- 
stone. That  other  members  once  existed  is  indicated  by  the  presence  of 
fragments  of  jasper  and  quartzite  in  the  lowest  horizon  of  the  Quartz- 
Slate.  Formations  conqwsed  of  these  rocks  and  a  cherty  limestone 
are  the  characteristic  members  of  the  lower  Marquette. 

The  correspondence  of  the  members  of  the  Penokee  series  proper 
with  those  of  the  upper  Marquette  is  complete.  The  upper  Marquette 
and  Penokee  series,  looked  at  broadly,  are  great  slate  formations,  both 
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of  which  contain,  near  the  base,  an  iron-bearing  horizon.  In  the  Penokee 
series  that  portion  of  the  slate  overlying  the  ore  formation  has  been 
called  the  Upper  Slate  member,  and  that  below  it  the  quartz-slate 
member.  The  lower  part  of  the  qnartz-slate  is  a  quart zite  and  con- 
glomerate, which  corresponds  to  the  qnartzite  and  conglomerate  form- 
ing the  base  of  the  upper  Marquette  series.  The  uppermost  horizon  of 
the  Penokee  quartz  slate  is  a  narrow  layer  of  persistent  quartzite, 
which  does  not  appear  to  be  represented  in  the  Marquette  district. 
The  character  of  the  ore-bearing  member  is  identical  in  both  districts, 
being  unquestionably  derived  from  a  lean,  cherty  carbonate  of  iron. 
The  characteristic  rocks  of  both  are  now  the  iron  carbonates,  ores,  and 
cherts  containing  bands  and  shots  of  ore.  The  chief  difference  between 
the  two  is  that  in  the  Penokee  district  the  actinolite-magiietite-schists 
are  more  prevalent,  and  that  the  iron-bearing  formation  is  more  persist- 
ent. Connected  with  this  fact  is  perhaps  the  presence  of  the  upper  hori- 
zon of  quartzite,  which  shows  that  a  clearing  up  of  the  waters  occurred 
before  the  beginning  of  deposition  of  the  iron-bearing  sediments.  A 
still  further  analogy  between  the  Penokee  and  Upper  Marquette  series 
is  the  presence  in  both  of  abundant  surface  volcanics.  We  have  then 
in  the  two  districts  the  following  parallel  descending  pre-Keweenawan 
succession. 


PENOKEE. 

Upper  slate  locally  mica-schist. 

Iron-hearing  formation. 

Qnartz-slate;  upper  horizon  persistent 
qnartzite;  central  mass  a  slate;  lower 
part  often  conglomeratic,  bearing  frag- 
ments of  lower  series,  and  locally  a 
qnartzite. 

Unconformity. 

Eroded  away. 

Limestone. 

Unconformity. 

Basement  complex. 


MARQUETTE. 

Upper  slate,  rather  extensively  mica- 
schist. 

Iron-hearing  formation. 

Lower  slate;  lower  part  qnartzite  or 
quartzite-conglomerate,  hearing  frag- 
ments of  lower  series,  either  lower  Mar- 
quette or  Archean. 

Unconformity. 

Iron -hearing  formation. 
Limestone  and  lower  qnartzite. 
Unconformity. 
Basement  complex. 


Van  Hise,206  in  1891,  describes  the  physical  break  between  a  Lower 
and  an  Upper  Huronian  series.  In  the  Marquette  district  the  Lower 
series  includes  the  lower  quartzite  and  novaculite  of  Brooks,  the  lime- 
stone formation  as  well  as  the  chief  iron-beariu  g  formation  containing 
the  hard  ores,  which  is  composed  chiefly  of  jasper  and  actinolitic  and 
magnetitic  slates.  The  Upper  series  has  at  its  base  a  vitreous  quart- 
zite, but  is  chiefly  composed  of  black  slates  sometimes  carbonaceous, 
graywackes,  and  mica-schists,  together  of  great  thickness,  and  locally 
contains  belts  of  ferruginous  cherts  and  slates,  including  ore-bodies, 
which  are,  however,  of  a  different  character  from  the  ores  of  the  Lower 
series.  The  area  occupied  by  the  Upper  series  is  equal  to  or  greater 
than  that  of  the  Lower  series.     That  the  two  series  are  separated  by 
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4 .-.-..; . -.  ■_;;,._■_  .,-.     ;    •  v..:":.  - :  .  _v   -  ~>:  - .     This       Qelnsaoi    agree* 
t:_  tL.r.t --.'f  4";:y.uvenT:  2-eaeLed    i    188      .        3881     This    ron-bearing 
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silicified  gabbro  lias  been  traced  by  this  geologist  southwest  through 
sees.  25,  35,  34,  T.  65  K,  E.  5  W.,  to  Mitch  i  gam  me  lake.  The  same 
silicified  gabbro  belt  has  been  found  by  Merriam  at  lake  Gobbemichig- 
omog. 

Merriam,208  in  1888  and  1889,  in  a  detailed  systematic  study  of  parts 
of  the  Marquette  district,  ascertained  that  about  many  of  the  massel 
of  basic  eruptives  the  clastic  rocks  bow  in  a  quaquaversal  manner,  in- 
dicating that  many  of  the  diabases,  gabbros  and  diorites  are  intrusive 
subsequent  to  the  formation  of  the  Marquette  series,  and  that  the  local 
strikes  and  dips  are  often  due  to  this  cause. 

Van  Hise,209  in  1890,  examined  the  rock  succession  at  Iron  moun- 
tain, Michigan.  Overlying  the  ore  formation  of  the  Ludington  and 
Chapin  mines  is  a  con  glomerate  which  bears  fragments  of  ore  and  jasper. 
It  therefore  appears  that  after  this  material  reached  its  present  condi- 
tion in  the  ore-bearing  series  it  was  eroded  and  furnished  debris  for  a 
newer  series. 

Pumpelly  and  Van  Hise,210  in  1891  and  1892,  find  that  in  places 
the  ore  formation  of  the  Menominee  and  Felch  mountain  districts  passes 
down  into  the  limestone.  .This  gradation  may  be  well  seen  in  the  Me- 
nominee district  at  a  quarry  east  of  the  Chapin  mine.  Also  in  the: 
deeper  workings  of  the  Chapin,  the  ores  resting  almost  directly  upon 
the  limestone  are  found  to  bear  a  considerable  percentage  of  carbonates, 
including  iron,  calcium,  and  magnesium.  The  Metropolitan  ore  deposits 
in  the  Felch  mountain  district  are  found  associated  with  or  within  the 
limestone.  At  one  pit  the  ore  and  jasper  may  be  seen  interlaminated 
with  and  grading  down  into  a  limestone.  It  is  therefore  probable  that 
the  ore  formation  of  these  districts,  in  part  at  least,  is  but  an  upward 
continuation  of  the  limestone  formation,  perhaps  differing  from  it  origi- 
nally only  in  that  the  upper  part  contained  a  greater  quantity  of  origin 
nal  carbonate  of  iron. 

Above  the  ore  formation  at  Quiniiesec,  test  ruts  show  the  presence 
of  a  typical  chert  and  jasper  conglomerate,  in  every  respect  like  the 
basement  conglomerates  of  the  Upper  Marquette. 

SECTION   VII.      SUMMARY    OF   RESULTS. 

The  lake  Superior  region  is  the  one  in  America  about  which  most 
has  been  written  and  which  has  furnished  the  most  definite  knowledge 
of  the  structural  relations  of  the  pre-Cambrian  rocks.  Contained  in  the 
foregoing  summary  of  literature  is  potentially  much  that  follows,  but 
it  seems  desirable  to  put  together  the  conclusions  which  may  be  con- 
sidered as  determined  and  see  how  far  the  various  positions  taken 
by  the  different  writers  are  really  in  harmony.  Unless  otherwise  stated, 
the  cited  positions  of  the  various  authors  are  their  later  expressions; 
oftentimes  earlier  and  different  views  have  been  held.  For  the  sources 
from  which  the  conclusions  are  drawn  it  will  be  necessary  to  turn  to 
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tli e literature,  from  which,  by  means  of  the  footnotes,  the  material  may 
be  traced  to  the  originals. 

The  four  series  to  be  arranged  are  those  known  as  the  lake  Superior 
sandstone,  the  Keweenawan,  the  Huronian,  and  the  Laurentian.  The 
last  two  have  by  certain  later  writers  been  again  subdivided. 

LAKE    SUPERJLOK    SANDSTONE. 

The  horizontal  red  sandstone  of  lake  Superior  was  recognized  as  the 
most  extensive  formation  of  the  lake  by  the  earliest  geological  voy- 
ageurs,  and  in  what  follows  this  formation  will  be  called  the  lake 
Superior  sandstone.  The  early  travelers,  Schoolcraft,  Bigsby,  and 
Bayfield,  regarded  it  as  the  Old  Red  sandstone,  although  Bayfield  later 
considered  it  to  probably  underlie  the  fossiliferous  red  sandstone  of  St. 
Marys  river.  It  was  placed  by  Jackson,  Marcou,  and  for  a  long  time 
by  Bell,  as  the  New  Red  sandstone.  Yery  early  others,  including  Daw- 
son (Sir  William),  Foster,  Houghton,  Logan,  Owen,  Whitney,  and 
Rogers,  regarded  the  sandstone  as  Lower  Silurian  or  Potsdam.  In 
1873  Rominger  finally  demonstrated  what  Houghton  had  long  before 
stated,  that  the  horizontal  sandstone  is  directly  overlapped  by  the  Cal- 
ciferous  formation.  The  sandstone  was  therefore  placed  as  Potsdam, 
which  position  it  has  held  since  that  time  without  dispute  by  anyone 
acquainted  with  the  region. 

It  was  very  early  seen  that  the  horizontal  sandstone  is  newer  than 
the  granites  and  slates  of  lake  Superior,  which  occupy  a  lower  position 
than  the  Keweenawan.  Schoolcraft  saw,  as  early  as  1821,  the  uncon- 
formity between  the  granite  and  sandstone  at  Granite  point,  and  that 
between  the  latter  and  the  slates  on  the  St.  Louis  river  at  the  head  of 
lake  Superior.  Bayfield  recognized  this  unconformity  in  1829,  saying 
that  the  many  instances  of  the  conjunction  of  the  sandstone  and  granite 
proved  that  the  sandstone  was  deposited  after  the  granite  occupied  its 
present  position.  Rogers  saw  the  same  relations  between  the  sandstone 
and  the  slates  of  Chocolate  and  Carp  rivers,  although  at  first  he  regarded 
the  latter  as  Primal.  Owen,  in  1847,  described  in  northern  Wisconsin 
ike  unconformable  relations  between  the  horizontal  sandstone  referred 
to  the  Potsdam  and  the  crystalline  rocks.  Norwood,  in  1847,  again  saw 
the  unconformity  between  the  lake  Superior  sandstone  and  St.  Louis 
date,-,  at  Fond  du  Lac,  described  by  Schoolcraft  many  years  before. 
Foster,  in  1848,  saw  the  same  unconformable  relations  between  the 
andstones  and  slates  at  L'Anse.  Since  these  early  discoveries  of  the 
relations  between  the  sandstone  and  the  crystalline  rocks  were  an 
lounced  they  have  been  conn rined  at  these  original  localities  and  at 
nunerous  other  localities  by  many  observers. 

As  to  the  relations  of  the  lake  Superior  sandstone  with  the,  sand- 
stones interstratified  with  the  trappean  rocks,  i.e.,  the  Keweenawan, 
here  has  been  the  greatest  diversity  of  opinion,  and  the  question  is  one 
I  which  there  is  not  yet  entire  unanimity,  although  the  weight  of  the 
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evidence  is  so  strongly  in  favor  of  the  inferior  position  of  the  Kewee- 
naw series  that  this  conclusion  is  doubted  by  bnt  few  geologists. 

Bayfield,  Bigsby,  Burt,  Rogers,  Schoolcraft,  and  Whittlesey  made 
no  distinction  between  the  lake  Superior  and  Keweenawan  sandstones, 
apparently  not  recognizing  that  there  was  any  question  of  their  not 
being  equivalent.  Jackson,  followed  by  Bell,  for  many  years  appar- 
ently regarded  the  Keweenawan  sandstones  as  later  than  the  lake  Su- 
perior sandstone.  Jackson  places  the  former  as  New  Red,  and  states 
that  the  sandstone  of  the  Pictured  rocks  may  not  be  of  the  same  age. 
Bell  at  first  thought  the  Keweenawan  Permian  or  Triassic,  while  cog-i 
nizant  of  the  fact  that  the  lake  Superior  sandstone  is  older  than  the 
Triassic,  but  recently  this  writer  places  the  sandstone  as  probably  uil 
conformably  above  the  Keweenawan.  Foster,  Wads  worth,  Whitueyjj 
and  Winchell  (N.  H.),  after  comparisons  and  studies  of  the  problem,  havd 
maintained  that  the  lake  Superior  and  Keweenawan  sandstones  belong 
to  the  same  series.  Agassiz,  Brooks,  Chamberlin,  Dawson,  Houghton^ 
Irving,  Logan,  Macfarlane,  Bell,  Owen,  Pumpelly,  Rominger,  Selwyn^ 
Strong,  Sweet,  and  Wooster  have  held  as  their  latest  view  that  the 
Keweenaw  series  is  older  than  the  lake  Superior  sandstone.  Agassiz 
at  first  regarded  all  the  sandstones  of  the  same  age,  but  came  to  the 
conclusion  afterwards  that  the  sandstone  was  deposited  against  the  up- 
turned Keweenaw  series.  Agassiz,  Brooks,  Chamberlin,  Dawson,  Irj 
ving,  Owen,  Pumpelly,  Rominger,  Strong,  Sweet,  and  Wooster  maintain 
a  great  unconformity  between  the  two.  Macfarlane  held  that  there  was 
a  doubtful  unconformity  between  the  Keweenaw  series  and  the  lake 
Superior  sandstone,  the  former  occupying  an  inferior  position.  Hough- 
ton's,  Logan's,  and  Selwyn's  position  is  that  the  Keweenaw  series  is  a 
downward  extension  of  the  lake  Superior  red  sandstone.  The  latter  is 
regarded  by  Logan  as  probably  Ohazy,  and  the  Keweenawan  therefore 
Oalciferous  or  Potsdam.  Selwyn  and  Bell  now  place  the  Keweenawan 
as  Cambrian. 

The  relations  of  the  horizontal  sandstone  in  northern  Wisconsin  to 
the  melaphyres  and  traps  regarded  as  Keweenawan  have  been  de: 
scribed  by  all  observers  to  be  those  of  unconformity,  the  horizontal 
sandstone  resting  upon  the  upturned  edges  of  the  Keweenaw  series. 
The  only  point  of  difference  has  been  whether  this  sandstone  is  Potsdam 
or  not.  It  is  so  regarded  by  the  Wisconsin  geologists  and  by  Owenj 
but  is  by  N.  H.  Winchell  called  St.  Croix  and  is  placed  above  the  Pots? 
dam.  The  true  position  of  this  sandstone  another  will  discuss,  but  no 
one  doubts  that  it  belongs  near  the  base  of  the  Northwestern  Paleozoics^ 
The  extensive  area  of  horizontal  sandstone  about  Agogebic  lake  be- 
tween the  two  highly  tilted  trap  ranges  was  long  ago  cited  by  Brooks 
and  Pumpelly  as  evidence  that  the  lake  Superior  sandstone  is  far  latel 
in  age,  it  being  found  not  distant  from  the  highly  tilted  Keweenawan 
eruptives. 

The  controversy  has  been  most  extended  as  to  the  relations  of  the 
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two  series  on  Keweenaw  point.  A  part  of  what  lias  been  regarded  as 
the  lake  Superior  sandstone,  adjacent  to  the  trap  range,  has  been  shown 
by  Wadsworth  to  belong  with  the  Keweenaw  series,  and  it  is  even  yet 
a  debatable  question  as  to  just  where  at  certain  places  the  lake  Superior 
sandstone  begins  and  the  Keweenaw  series  ends;  because  by  all  it  is 
now  agreed  that  near  this  contact  is  an  ancient  fault  of  great  magni- 
tude, along  which  post-Potsdam  slipping  has  taken  place. 

In  considering  the  question  whether  the  lake  Superior  sandstone  is  a 
part  of  the  Keweenawan,  the  general  held  relations  are  more  significant 
than  all  else.  Wherever  the  Keweenaw  series  appears  in  its  character- 
istic development  about  lake  Superior,  from  Michipicoten  on  the  east 
to  Duluth  on  the  west,  from  Thunder  bay  on  the  north  to  Keweenaw 
point  on  the  south,  it  is  a  titled  series,  the  inclinations  rarely  being  less 
than  30°,  never  less  on  the  south  shore,  while  more  commonly  they  are 
much  higher,  running  often  to  80°.  The  lake  Superior  sandstone,  on 
the  other  hand,  wherever  found,  is  horizontal,  except  along  lines  of  con- 
tact with  Keweenawan  or  other  rocks,  and  here  the  tilting  has  been 
explained  to  be  due  to  faulting.  The  only  locality  remote  from  a  con- 
tact at  which  the  sandstone  is  said  not  to  be  horizontal  is  Traverse 
island,  and  at  this  place  the  facts  upon  which  the  statement  is  based 
have  not  been  published.  The  lake  Superior  sandstone  runs  as  a  long 
tongue  for  a  distance  of  more  than  50  miles,  always  in  horizontal  atti- 
tude, gradually  narrowing  to  the  west;  between  the  north  and  south 
highly  inclined  Keweenawan  trap  ranges  to  near  the  Montreal  river. 
Nowhere  is  it  interlaminated  with  or  cut  by  a  single  eruptive  rock  of 
any  kind.  The  finding  of  detrital  rocks  between  the  lava  flows  of  the 
South  range  of  the  Keweenawan  has  no  bearing  against  this  assertion 
any  more  than  does  the  existence  of  such  rocks  in  the  main  trap  range. 
Before  it  can  be  concluded  that  such  tilted  interlaminated  detritals  are 
a  part  of  the  horizontal  Eastern  sandstone  the  two  must  be  traced 
together  in  continuous  exposure. 

These  broad  field  relations  and  the  absence  of  trap  point  with  irre- 
sistible force  to  the  conclusion  that  the  lake  Superior  sandstone  is  a  far 
ater  formation,  laid  down  since  the  Keweenawan  was  deposited,  uptilted, 
md  eroded.  If  this  is  not  the  case,  that  it  in  broad  areas  should  have 
wholly  escaped  the  dynamic  movements  which  upturned  the  Keweenaw 
series  everywhere  about  lake  Superior  is  absolutely  inexplieable. 
Equally  strange  is  the  fact  that  it  has  everywhere  escaped  intrusive 
material.  It  is  not  a  common  thing  for  eruptive  activity  which  extends 
3ver  distances  of  300  miles  east  and  west  and  100  miles  north  and  south 
to  continue  in  full  force  up  to  and  stop  along  a  ruled  line  100  miles 
long.  That  this  occurred  must  be  believed  if  the  lake  Superior  sand- 
stone is  regarded  as  belonging  to  that  part  of  the  Keweenaw  series, 
nterbedded  with  the  traps,  as  advocated  by  Wadsworth.  The  absence 
if  eruptive  material  in  the  horizontal  sandstone  on  the  theory  that  it  is 
i  part  of  the  Keweenawan  can  be  explained  only  by  regarding  it  as  the 
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corisin  geologists  corroborated  Brooks's  and  Pu'mpelly's  results.  Whe 
tbe  relations  of  the  series  on  the  north  shore  were  closely  examine 
actual  evidence  of  the  erosion  interval  was  found  by  Irving  at  Thuuch 
bay.  The  same  was  seen  by  McKellar,  and  upon  mapping  the  t\\ 
series  in  northeastern  Minnesota,  Irving  and  Merriam  found  that  tl 
same  discordance  which  was  found  on  the  south  shore  appeared,  that 
to  say,  the  base  of  the  Keweenawan  is  now  in  contact  with  one  membt 
of  the  underlying  series  and  now  with  another.  Selwyn  finds  at  Thin 
der  bay  no  evidence  of  this  erosion  interval,  but  this  testimony  is  nej 
ative  and  stands  alone.  The  great  mass  of  evidence  from  many  local 
ties  agrees  that  there  is%  physical  break  at  the  base  of  the  Kewei 
nawan. 

The  last  point  to  consider  in  this  connection  is  the  reality  of  the  e: 
istence  and  the  position  of  the  so-called  crowning  overflow  of  the  nortl 
west  shore.  This  was  described  by  Logan,  Bell,  Selwyn  and  other; 
and  some  were  inclined  to  place  it  with  the  Animikie  and  others  wit 
the  Keweenawan.  Irving,  in  his  general. treatise  on  the  copper-bearin 
rocks,  does  not  recognize  this  overflow  as  a  general  formation,  but  placj 
the  more  important  flows  to  which  this  term  has  been  applied  at  the  has 
of  the  Keweenawan.  Later  work  in  northeastern  Minnesota  shows  ths 
at  the  base  of  the  Keweenawan  is  a  great  area  of  gabbro,  the  thicknee 
and  magnitude  of  which  is  incomparably  greater  than  the  so-called  crowi 
ing  overflow  of  Thunder  bay.  This  great  mass  of  gabbro  extends  IVoi 
Duluth  northeast  to  the  National  boundary,  a  distance  of  100  miles  c 
more,  and  is  at  its  maximum  outcrop  more  than  20  miles  in  widtl 
There  is  no  question,  unless  it  be  considered  a  subsequent  intrusiJ 
that  this  great  gabbro  is  the  base  of  the  Keweenawan,  for  it  now  come 
in  contact  with  one  member  of  the  Animikie  and  now  with  anothi 
At  other  times  it  is  in  contact  with  the  crystalline  schists  of  the  Lowe 
Huronian,  and  again  with  the  granite  and  gneiss  of  the  Laurent i an,  s 
that  it  is  evident,  if  it  is  a  part  of  the  regular  succession,  that  all  i 
these  rocks  have  been  deeply  eroded  before  its  appearance.  This  gat 
bro  has  been,  however,  too  little  studied  to  venture  an  opinion  as  t 
whether  it  is  a  great  surface  flow  or  succession  of  flows,  or,  as  su£ 
gested  by  Bayley,  an  immense  reservoir  in  the  nature  of  an  early  la| 
colite  or  batholite  which  furnished  material  for  the  subsequent  diabas 
dikes  and  sheets  of  the  Animikie  and  for  basic  surface  flows  of  th 
Keweenawan.  Recently  N.  H.  Winchell,  contrary  to  all  previous  worl 
places  this  gabbro  as  older  than  the  Animikie.  Little  evidence  is  give] 
to  support  this  change  of  view.  No  section  is  given  illustrating  the  snjj 
posed  structure.  To  the  writer  there  appears  to  be  great  if  not  insupei 
able  difficulties  in  the  way  of  the  correctness  of  this  conclusion. 

GENERAL   SUCCESSION   ACCORDING  TO   DIFFERENT   WRITERS. 

In  taking  thenext  step  downward,  we  conic  to  the  complex  about  whid 
there  has  been  great  diversity  of  opinion  and  about  which  it  is  difficul 
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even  yet  to  see  clearly  all  the  results  which  legitimately  follow  from  the 
work  d  one.  The  crude  notion  that  the  sandstones,  traps  Jaspers,  guei  sses, 
granites,  and  all  other  rocks  of  lake  Superior  represent  one  great  form- 
ation, the  crystalline  phases  being  more  metamorphosed  materials,  as 
maintained  by  some  of  the  earlier  geologists,  would  now  hardly  be  held 
by  any  one.  Also  it  is  doubtful  if  any  would  deny  that  the  rocks  below 
the  Keweenaw  series  are  divisible  on  a  structural  basis,  if  the  Animikie 
series  is  here  included.  The  successions  deduced  by  the  geologists  who 
have  made  the  most  extended  study  of  the  lake  Superior  region  arc  as 
follows : 

Logan  makes  the  Keweenawan  a  downward  extension  of  the  lake 
Superior  sandstone.  Below  the  Keweenaw  series,  as  before  defined, 
s  a  set  of  slates  (the  Animikie)  of  very  considerable  thickness,  which 
ire,  however,  a  part  of  the  Upj)er  Copper-bearing  group,  and  therefore 
superior  to  the  Original  Huronian  or  Lower  Copper-bearing  group.  The 
c\nimikic  rests  unconformably  itpon  the  Huronian.  As  to  the  relations 
)f  the  Huronian  and  Laurentian  about  lake  Superior  little  is  said,  ex- 
cept that  at  one  place  they  appear  to  be  conformable  and  grade  into 
ach  other.  We  thus  have  Logan's  succession,  lake  Superior  sand- 
tone;  Keweenawan;  Animikie;  unconformity;  Huronian;  Laurentian. 
The  Animikie,  as  well  as  the  Keweenawan,  is  regarded  as  a  part  of  the 
Jambrian  series. 

Selwyn's  succession  differs  from  Logan's  only  in  that  he  maintains 
hat  all  of  the  rocks  underlying  the  Animikie  in  Canada  constitute1  one 
general  conformable  succession,  but  divisible  into  two  systems  upon 
ithological  grounds  and  the  superior  position  of  the  second.  These 
ire  the  Laurentian  and  Huronian.  This  order  is  also  that  of  Bell. 
iVith  these  authors  the  Laurentian  is  granitoid  and  gneissic,  while 
he  Huronian  is  quartzose,  hornblendic,  schistose  and  slaty. 

Foster  and  Whitney's  succession  is  Keweenawan,  which  includes  the 
dke  Superior  sandstone;  unconformity;  Azoic — the  latter  said  to  be 
ndivisible  except  on  the  north  shore,  and  the  granites  are  intrusive 
ocks  later  than  the  Azoic  slates.  On  the  north  shore  the  Animikie 
eposes  upon  the  granite.  Until  recently  Wadsworth  has  held  to  the 
anic  succession  as  Foster  and  Whitney.  In  his  last  paper,  however, 
e  states  it  is  probable  that  in  the  Marquette  Azoic  there  are  three  dis- 
inct  geological  formations  or  ages  to  which  he  applies,  beginning  at 
he  base,  the  terms  Cascade,  Republic,  and  Holyoke  formations.  'The 
tst  two  are  unconformable  with  each  other. 

Macfarlane  recognizes  a  Huronian  and  a  Laurentian,  but  regards 
otli  series  as  wholly  of  igneous  origin  and  the  distinction  between  (lie 
wo  a  lithological  one,  the  basic  green  schists  referred  to  the  Huronian 
eing  newer  than  the  granite  and  gneiss,  and  the  pseudo-conglomerates 
)und  in  the  Huronian  a  consequence  of  the  intrusion  of  the  latter,  in 

hich  process  fragments  of  granite  and  gneiss  were  caught.  The 
keweenawan  is  full  of  debris  from  the  Huronian. 
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Brooks,  Pumpelly,  Irving,  Chamber lin,  Sweet,  and  Wright  recognize 
about  the  same  general  succession;  lake  Superior  sandstone;  unco] 
formity;  Keweehawan;  unconformity;  then  a  great  system  of  roclj 
included  in ,  the  Huroni  an;  another  unconformity;  and  then  a  complex 
of  granites,  gneisses  and  schists.  Irving  in  his  later  work  separates 
from  the  Huronian  and  puts  in  the  Laurentian  the  formation  of  dioritjj 
schists,  obscure  green  conglomerates,  chloritic  schists,  etc.,  cut  hy 
granite  veins  in  the  Marquette  district,  which  Brooks  placed  as  tffl 
lowest  part  of  the  Huronian,  but  the  relations  of  which  are  said  not  tc 
have  been  fully  made  out.  There  is  the  further  resultant  ditf'ereneji 
between  Brooks  and  Irving  that  Brooks  regards  very  considerable 
masses  of  granite  in  the  Menominee  district  as  the  highest  member  ol 
the  Huronian.  As  this  granite  is  said  to  overlie  conformably  the  Flu 
Ionian  schists  and  to  send  dikes  into  them,  it  is  suggested  that  toward 
the  end  of  the  Huronian  period  there  was  a  great  eruptive  outflow  o|i 
granite.  As  has  been  seen,  these  facts  are  explained  by  Irving  by 
excluding  from  the.  Huronian  the  granite  and  the  schists  cut,  althouglij 
it  is  recognized  that  lesser  granitic  intrusions  have  occurred  since  Hu|| 
ronian  time. 

Rominger,  in  his  earlier  work  on  the  south  shore,  seeing  that  his  dm 
ritic  group  of  Huronian   locks  is  cut  by  granite,  and  considering  thei 
former  as  a  sedimentary  rock,  and  finding  also,  as  he  believed,  actuaji 
transitions  between  the  fragmental  quartzites  and  granites,  placed  tliji 
whole  complex  as  Huronian  and  regarded  the  granite  as  the  youngest 
member.     These  positions  are,  however,  very  largely  abandoned  in  his 
later  unpublished  work.     The  existence  of  granite  and  gneiss  prior  to 
the  deposition  of,  and  which  have  yielded  debris  to,  the  lowest  member! 
of  the  Huronian,  is  recognized,  although  contacts  are  said  to  be  nil 
often  sufficiently  frequent  to  enable  a  eliscrimination  to  be  made  be< 
tween  the  original  primary  granites  and  gneisses  and  those  of  latei 
eruptive  origin.     The  recomposed  character  of  the  detrital  rocks  whicl 
repose  upon  and  have  derived  debris  from  the  granites  and  gneisses 
instead  of  grading  into  them,  is  now  seen.     It  is,  however,  still  maim 
tained  that  the  great  mass  of  the  grauite  and  gneiss  is  an  eruptive  qjii 
later  age  than  the  detrital  rocks.     The  dioritic  group,  which  is  so  frei 
quently  cut  by  granite  veins,  before  considered  as  the  bottom  of  tin  j 
Huronian,  is  recognized  as  an  igneous  rock  which  must  be  excludec  ] 
from  the  sedimentary  series.     Romingers  succession  is,  then,  lake  S*tu] 
perior   sandstone;    unconformity;    Keweenawan;    unconformity;    Hu 
ronian  sedimentary  series,  which  has,  however,  been  disturbed  by  grea' 
intrusions  of  granite  and  gneiss,  with  also  basic  rocks;  unconformity 
granite- gneiss- schist  complex. 

It  is  therefore  to  be  noted  that  Brooks,  Irving,  and  Kominger,  wh( 
have  done  the  most  work  in  the  detailed  mapping  of  the  rocks  of  th< 
south  shore,  reach  an  identical  conclusion  as  to  the  succession,  the  onfl 
difference  being  one  of  emphasis.     Kominger  insists  on  the  great  impor 
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lance  of  the  later  gra nil e  gneisses,  but  ctoes  not  emphasize  the  presence 
M the granite-gneiss-schist  complex;  Irving,  on  the  other  hand,  reverses 
the  emphasis;  while  Brooks  occupies  an  intermediate  position.  It  is 
most  significant  that  these  three  men,  starting  with  different  views, 
Lave  finally  reached  like  conclusions.  For  a  long  time  Eominger  denied 
the  existence  of  the  basement  granite-gneiss- schist  complex.  Irving 
was  slow  to  recognize  the  presence  of  later  intrusive  granite.  In 
Brooks's  earlier  work  in  the  Marquette  district  he  did  not  find  the 
evidence  of  intrusive  granite-gneiss  which  he  found  later  in  the  Menomi- 
nee district. 

Lawson  recognizes  a  physical  break  at  the  base  of  the  Keweenaw  an 
and  a  great  break  at  the  base  of  the  Animikie,  and  divides  the  under- 
lying complex  about  the  lake  of  the  Woods  and  Rainy  lake,  Ontario, 
into  Keewatin,  Coutchiching,  and  Laurentian,  this  being  the  order  of 
occurrence  downward,  but  in  age  the  granitic  and  gneissic  rocks  are 
later  than  and  intrusive  in  the  schistose  rocks.  In  this  matter  Lawson 
agrees  with  the  earlier  work  of  Bigsby  upon  Rainy  lake  and  that  of 
Dawson  upon  the  lake  of  the  Woods,  except  that  Dawson  did  not  re- 
gard all  of  the  granite-gneiss  of  the  lake  of  the  Woods  as  later  igne- 
>us  material.  These  relations  are  the  same  as  those  described  by 
Foster  and  Whitney,  and  by  Wadsworth  between  the  granite  gneisses 
and  the  Azoic  slates  on  the  south  shore.  With  Dawson,  Lawson  agrees 
iiat  the  Laurentian  gneiss  and  granite  and  the  overlying  schists  are 
jonformable.  By  Loth  of  these  writers  the  schistose  rocks  of  the  lake 
)f  the  W'oods  are  regarded  as  sedimentary  and  largely  of  volcanic  ori- 
gin. There  is  the  further  agreement  between  Lawson  and  Dawson  on 
jhe  north  shore  and  Foster  and  Whitney,  Wadsworth,  Irving,  and 
Williams  on  the  south  shore  that  they  regard  the  greenstone  slates 
is  largely  in  the  nature  of  volcanic  ash.  Lawson  gives  the  schistose 
x>cks  about  Rainy  lake  a  twofold  division,  both  series  being  regarded 
fcs  sedimentary  and  in  apparent  conformity,  but  there  are  great  differ- 
ences in  the  materials  of  which  the  series  are  composed  as  well  as  in 
legree  of  crystallization,  and  basal  conglomerates  are  found  at  the 
iottom  of  the  upper  series.  Between  the  two  there  is  believed  to  be 
i  considerable  geological  break.  The  upper  is  the  equivalent  of  the 
schistose  series  of  the  lake  of  the  Woods.  To  cover  the  two  series  is 
H-oposed  the  system  name  Ontarian.  Lawson's  succession  is  therefore 
Keweenawan,  unconformity,  Animikie,  unconformity,  Keewatin,  uncon- 
formity, Coutchiching,  irruptive  unconformity,  Laurentian  cutting  both 
Keewatin  and  Coutchiching. 

I  It  is  of  interest  to  note  that  Rominger's  early  conclusions  as  to  the 
general  relations  of  the  rock  series  on  the  south  shore  were  almost  iden- 
ical  with  those  reached  by  Lawson  as  to  the  relations  of  the  different 
series  on  the  north  shore;  that  is,  the  dioritic  group,  the  lowest  Huron 
[an,  is  regarded  as  remelted  metamorphosed  Iluronian  sediments,  the 
uore  crystalline  character  of  the  rocks  being  due  to  their  closer  prox- 
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imity  to  the  volcanic  forces,  and  while  the  great  masses  of  granite-gneiss 
are  below  the  dioritic  group,  these  rocks  are  also  interstratified  with 
and  cut  the  dioritic  rocks,  the  whole  granitic  group  being  regarded  as 
of  igneous  origin,  and  later  in  age  than  the  sedimentaries.  The  likeness 
of  the  dioritic  group  and  Lawson's  Keewatin  at  once  suggests  itself. 
As  has  been  seen,  Eoniinger's  later  studies  led  hirn  materially  to  modify 
his  opinions  and  to  bring  them  more  nearly  in  harmony  with  the  con- 
elusions  of  Brooks  and  Irving. 

N.  H.  WinchelPs  succession  is:  Keweenawan,  Animikie,  Noriaii, 
Pewabic  quartzite  (all  of  which  are  included  in  the  Taconic),  Keewatin, 
Vermilion,  Laurentian  (which  are  included  in  the  Archean  or  Azoic). 
The  Keweenawan  is  doubtfully  called  Potsdam,  and  is,  with  the  Ani- 
mikie, placed  as  the  Georgia  formation;  and  the  Pewabic  quartzite  is 
provisionally  placed  with  the  Potsdam  granular  quartz.  Included  in  the 
Taconic  are  the  quartzites  of  Minnesota,  Iowa,  Dakota  and  Wisconsin. 
The  part  of  the  succession  placed  in  the  Taconic  differs  from  living's  suc- 
cession for  this  part  of  the  column  in  that  the  formations  which  Winchell 
includes  in  the  Norian  and  Pewabic  are  regarded  as  the  great  basal  gab- 
bro  mass  of  the  Keweenawan,  between  the  upper  Keweenawan  and  the< 
Animikie  instead  of  beloAv  the  Animikie.  It  is  not  neeessary  to  say 
that  Irving  regarded  all  of  these  members  as  pre-Cambrian.  The  sue) 
cession  within  the  Archean  is  the  same  as  that  of  Lawson,  the  difference 
being  only  that  Yermilion  is  substituted  for  Coutchiching.  Also  the 
Keewatin  elastics,  Vermilion  schists,  and  Laurentian  gneiss  are  regarded 
as  in  complete  conformity,  all  detrital,  and  the  lower  members  but  more 
metamorphosed  than  the  upper. 

Alexander  WinchelPs  succession  below  the  Keweenawan  is  Huronian, 
Keewatin,  Vermilion  and  Laurentian.  At  the  base  of  the  Huronian  is 
a  great  structural  break.  The  three  lower  series  are  in  conformity  and 
grade  into  each  other.  This  is  much  the  same  as  this  part  of  the  suc- 
cession given  by  1ST.  H.  Winchell,  exeept  that  one  great  series,  thei 
Ogishki  conglomerate,  is  placed  by  the  latter  as  a  part  of  the  Animikie 
(Huronian)  while  by  Alexander  Winchell  it  is  placed  with  the  Keewatin. 

Doubtless  to  the  minds  of  many  the  great  thickness  of  the  combined 
Keewatin  and  Coutchiching  of  Profs.  Winchells  and  Lawson  will  be 
presumptive  evidence  against  the  structure  which  they  have  worked 
out.  This  thickness  as  given  by  Alexander  Winchell  is  more  than 
30,000  feet,  while  Lawson  gives  the  Keewatin  a  thickness  of  5  miles  and 
the  Coutchiching  a  thickness  of  4  or  5  miles,  or  in  the  neighborhood  of 
50,000  feet.  The  manner  in  which  the  structure  of  the  Keewatin  and 
Coutchiching  schists  always  strike  parallel  to  and  encircle  the  adjacent 
granite  masses  suggests  that  these  intrusives  have  developed  slaty 
cleavage  or  schistose  structure  which  has  been  mistaken  for  bedding. 
Lawson  supposes  the  intruding  granite  has  upthrust  the  beds  until 
they  now  stand  on  end.  That  both  schistose  structure  and  bedding, 
with  marked  discordance  to  each  other,  exist  east  of  Rainy  lake  is  posi- 
tively maintained  by  Pumpelly  and  Smyth. 


vax  hise.]  LAKE    SUPERIOR    REGION.  167 

If  the  objection  of  great  thickness  for  tbe  Keewatin  and  Coutchi- 
ching  has  weight,  the  enormous  thickness  of  over  120,000  feet  given 
for  the  conformable  system  in  northeastern  Minnesota,  on  the  theory 
that  the  Keewatin  and  Coutch idling  are  conformable  and  grade  into 
the  gneissic  series,  and  that  all  are  of  sedimentary  origin,  now  folded 
into  a  simple  synclinal  structure,  will  be  still  more  weighty  evidence 
against  the  correctness  of  the  conclusion  reached.  It  is  notable  that 
Willis's  explanation  of  the  structure  at  the  center  of  this  supposed 
syncline,  Vermilion  lake,  reverses  this  and  makes  it  an  anticline. 
Lawson  does  not  have  to  meet  this  difficulty  because  he  regards  the 
granite  and  gneiss  as  irruptive  and  consequently  a  series  to  which  the 
principles  of  ordinary  stratigraphical  geology  do  not  apply. 

From  the  foregoing  statements  it  might  be  concluded  that  lake 
Superior  stratigraphy  below  the  Keweenawan  is  in  a  greater  state  of 
confusion  than  is  really  the  case,  for  a  closer  examination  of  the  vari- 
ous successions  shows  that  many  apparent  discrepancies  are  not  real, 
if  conclusions  are  not  extended  beyond  the  held  studied  in  each  case. 
Confusion  has  resulted  because  the  conclusions  built  up  from  a  study 
of  a  small  part  of  the  region  have  been  assumed  to  apply  to  the  whole, 
and  because  different  names  are  used  for  the  same  thing.  The  lake 
Superior  region  is  so  large  that  no  one  has  had  or  can  have  a  detailed 
personal  knowledge  of  more  than  a  small  part  of  it. 

LITHOEOGICAL  CHARACTERS  OF  AZOIC,  LACREXTIAN,   HUROXIAN,  ETC. 

Before  going  farther  it  will  be  well  to  summarize  the  lithological 
characters  of  the  pre-Keweenawan  rocks  included  by  the  various  writers 
under  the  terms  applied  to  the  different  series  in  different  districts, 
although  to  a  certain  extent  this  will  repeat  the  preceding  paragraphs. 
It  is  here  much  less  easy  to  make  definite  statements  than  in  the  case  of 
the  lake  Superior  sandstone  and  Keweenawan. 

Azoic,  as  used  by  Foster  and  Whitney  and  those  who  followed  these 
authors,  was  made  to  include  everything  below  the  Keweenawan,  with 
the  exception  of  the  rocks  which  are  plainly  igneous.  It  covered  con- 
glomerates, (juartzites,  slates  and  marble,  as  well  as  the  gneisses, 
mica  schists,  hornblende-schists,  etc.;  that  is,  rocks  which  vary  in 
their  character  from  those  which  are  plainly  clastic,  as  conglomerates, 
to  those  which  are  completely  crystalline.  The  granites,  syenites, 
greenstones,  greenstone  slates,  iron  ore,  jasper,  etc,  were  regarded  as 
igneous  rocks,  in  part  contemporaneous  with  and  in  part  newer  than 
the  rocks  of  the  Azoic  system,  all  of  which  were  supposed  to  be  of 
detrital  origin,  but  in  age  earlier  than  the  Keweenawan. 

Laurentian,  as  used  by  most  of  the  earlier  Canadian  geologists,  covers 
the  most  of  the  light  colored  granites  and  coarse  grained  gneisses.  It 
was  recoguized  that  these  rocks  are  cut  by  basic  eruptives.  This  usage 
was  followed  by  many  of  the  American  geologists  up  to  the  time  of 
Brooks,  who  excluded  a  large  part  of  the  granite  and  gneiss  from  the 
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Laurentian,  believing  this  part  to  be  of  later  age  and  intrusive.  Daw- 
son about  the  lake  of  the  Woods  made  the  same  discrimination. 
Irving,  in  bis  lafer  work,  differed  from  those  who  preceded  him  in  that 
he  included  in  the  Laurentian  all  the  thoroughly  crystalline  schists, 
with  some  of  the  obscure  green  schist-conglomerates;  that  is,  he  placed 
as  a  part  of  the  Laurentian  a  large  group  of  finely  schistose  rocks  cut 
by  granite  veins  which  had  heretofore  been  taken  to  be  greatly  meta- 
morphosed detrital  material  and  had  been  placed  in  the  Huronian.  He 
also  regarded  as  belonging  here  many  of  the  fine  grained  crystalline 
schists  of  a  similar  character  ou  the  north  shore,  placed  by  the  earlier 
Canadian  geologists  with  the  Huronian.  For  this  Laurentian  increased 
in  magnitude  he  used  the  term  Archean.  Lawson  and  the  Profs. 
Winchell  use  the  term  Laurentian  to  cover  practically  the  same  class 
of  rocks  as  the  earlier  Canadian  geologists,  although  Lawson  differs 
from  them  in  regard  to  their  origin  and  age.  It  was  early  remarked 
by  Macfarlane  and  later  by  Whittlesey,  Brooks  and  Kominger  that  the 
Laurentian  of  lake  Superior  differs  from  that  system  in  eastern  Canada 
in  containing  no  limestones,  quartzites,  iron  ores,  or  other  rocks  of  the 
plainly  detrital  class.  Brooks  and  Chamberlin  remark  that  it  is 
doubtful  whether  the  lake  Superior  Laurentian  is  the  equivalent  of  the 
eastern  Laurentian  of  Canada. 

The  lake  Superior  Huronian  of  the  larger  number  of  the  Canadian 
geologists  includes  the  quartzites,  slates,  fine  grained  green  schists, 
all  of  which  are  sometimes  conglomeratic,  and  the  pebbles  often  dis- 
torted and  metamorphosed.  It  also  includes  the  mica-schists,  horn- 
blende-schists and  fine  grained  gneisses  bearing  calcite,  with  certain 
ferruginous  schists  and  basic  and  acid  volcanic  products.  The  attitude 
of  the  Huronian  schists  is  either  vertical  or  steeply  inclined.  The  Ani- 
mikie  is  not  included  in  the  Huronian.  On  the  south  shore  Brooks  and 
Pumpelly  in  their  earlier  work  included  in  the  Huronian  all  the  rocks 
in  character  like  those  placed  in  this  system  on  the  north  shore,  with 
also  large  areas  of  rocks  the  clastic  character  of  which  is  evident,  such 
as  limestones,  ferruginous  beds,  slates,  graywackes,  etc.,  which  while 
always  tilted  or  gently  folded  have  not  the  schistose  structure  of  the 
Huronian  of  the  north  shore,  but  rather  resemble  the  Animikie.  Later? 
Brooks  placed  as  the  upper  member  of  the  Huronian  large  areas  of 
gneiss  and  granite  which  had  earlier  been  regarded  as  Laurentian. 
Rominger  went  a  step  farther  and  recognized  in  his  published  report 
ou  the  south  shore  the  Huronian  only,  seeing  as  he  did  that  a  part  of 
the  granite-gneiss  certainly  cuts  a  portion  of  the  schistose  rocks  which 
had  been  regarded  as  Huronian.  He  thus  included  in  the  Huronian 
the  granite-gneisses  which  are  equivalent  to  Lawson's  Laurentian,  and 
reverted  to  the  position  of  Foster  and  Whitney,  making  his  Huronian 
the  equivalent  of  their  Azoic,  one  indivisible  system.  In  Eominger's 
later  unpublished  manuscript  he,  however,  distinctly  recognizes  besides 
a  later  intrusive  granite  an  earlier  granite  gneiss  upon  which  the  lowest 
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detrital  beds  were  deposited,  although  Ik*  nowhere  stales  whether  this 
is  considered  Laureirtian  or  riot.  Irving- excludes  from  the  Huronian 
on  the  south  shore  large  areas  of  green  crystalline  hornblende  schists, 
chlorite- schists  and  green  schist-conglomerates  cut  by  granite  veins 
heretofore  called  Huronian;  that  is,  he  included  in  the  Huronian  only 
those  detrital  rocks  the  clastic  character  of  which  is  apparent  or  which 
can  be  traced  into  the  clastic  rocks,  such  as  the  quartzites,  limestones, 
ferruginous  beds,  argillaceous  slates,  the  metamorphic  mica-schists, 
etc.  In  his  Huronian  he  included  the  Animikie  on  the  north  shore, 
placed  above  the  Huronian  by  the  Canadian  geolgists. 

Lawson  abandons  the  term  Huronian  and  divides  the  schistose  rocks 
included  under  this  term  by  the  earlier  Canadian  geologists  into  two  se- 
ries the  Coutchiching  and  Keewatin.  The  Contchiching  includes  the 
lowest  rocks  in  contact  with  the  Lauren tian  gneisses  and  granites  and 
comprises  mica-schists  and  line  grained,  evenly  laminated  gneisses;  that 
is,  thoroughly  crystalline  finely  laminated  rocks.  The  Keewatin  includes 
tine  grained  green  schists,  both  basic  and  acidic,  with  volcanic  tuffs,  ag- 
glomerates, peculiar  altered  conglomerates  with  intersecting  eruptives, 
and  jaspery  iron  ore  beds.  It  does  not  include  the  unaltered  slates, 
gray  wackes  and  ferruginous  beds  of  the  Animikie.  The  position  of  the 
Profs.  AVinchell  is  practically  the  same  as  that  of  Lawson,  except  that 
instead  of  using  Coutchiching,  Vermilion  is  used,  and  both  the  Kee- 
watin and  Coutchiching  are  held  to  be  inferior  to  all  of  the  Huronian. 

The  Animikie  includes  the  unaltered,  or  little  altered,  gently  inclined 
or  folded  slates,  graywackes,  and  ferruginous  beds  on  the  north  shore 
and  in  northeastern  Minnesota. 

Belonging  to  the  series  designated  by  the  foregoing  terms  are  recog- 
nized by  all  writers  interbedded  and  cutting  basic  and  acid  eruptives 
of  various  sorts,  only  in  the  Animikie  and  in  the  Huronian  of  living  the 
acid  eruptives  are  insignificant  in  amount.  Many  of  the  fine  grained 
green  schists,  with  some  exceptions,  in  early  days  regarded  as  much 
metamorphosed  sedimentary  Huronian  rocks,  are  now  considered  by  all  to 
be  much  altered  eruptives,  either  of  surface  or  deep  seated  origin,  their 
present  structure  being  due  to  secondary  causes.  That  acid  eruptive 
material  should  be  found  plentifully  cutting  the  elastics  series  is  Dotal 
all  surprising.  Acid  eruptions  were  abundant  and  widespread  in  the 
lake  Superior  region  as  late  as  Keweenawau  time,  as  is  attested  by  the 
original  acid  rocks  of  the  copper-bearing  series,  ami  still  more  emphat- 
ically by  the  vast  amount  of  debris  from  felsites,  quartz-porphyries,  etc., 
found  in  the  interlaminated  detrital  beds.  That  so  few  acid  dikes  are 
found  in  the  upper  Huronian  of  the  south  shore  can  be  explained  only 
by  the  fact  that  the  acid  eruptives  of  the  Keweenawau  are  mostly  re- 
mote from  the  Marquette,  Menominee,  and  Penokee  series.  A  closer 
study  in  the  future  will  probably  show  in  these  districts  a  greater 
abundance  of  acid  eruptives  than  has  been  supposed.  The  deep-seated 
pipes  and  bosses  formed  by  the  eruptions  of  the   Keweenawau   felsites 
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and  porphyries  perhaps  crystallized  in  the  form  of  granite.  It  may 
well  be  that  large  masses  of  intrusive  granite  may  be  of  Keneewanan 
or  Animikie  age.  Even  if  this  were  the  ease  and  there  are  two  epochs 
of  granitic  eruptives  later  than  the  upper  Huronian  elastics,  this  would 
be  no  evidence  of  the  absence  of  an  ancient  floor  composed  mainly  of 
granite-gneiss  upon  which  the  oldest  Huronian  has  been  deposited. 

ORIGIN   OF   THE   IRON   ORES. 

Before  taking  up  the  correlation  of  the  pre-Keweenawan  lake  Supe- 
rior series,  one  further  point  remains  to  be  considered,  whether  the  iron 
ores  and  associated  rocks  are  eruptive  or  are  sedimentary,  for  upon 
this  point  depends  the  correctness  of  many  structural  determinations. 
If,  as  believed  by  Wadsworth  and  Foster  and  Whitney,  the  iron  ore  is 
partly  igneous,  and  by  the  first  named  that  a  part  of  the  jasper  has  the 
same  genesis,  they  may  occur  at  any  horizon  up  to  that  of  their  eruption 
and  can  not  be  used  as  guides  in  working  out  the  structure.  Those  who 
believe  the  iron-bearing  formations  are  sedimentary  have  regarded  them 
as  persistent  members,  and  the  striking  and  peculiar  lithologieal  charac- 
ters of  these  belts  have  furnished  key  horizons  to  which  to  refer  the 
associated  elastics. 

Foster  and  Whitney  saw  that  the  masses  of  iron  ore  and  jasper  have 
none  of  the  characteristics  of  vein  deposits,  and  believed  that  the  sup- 
position that  they  resulted  from  the  decomposition  of  pyrites  or  the 
metamorphism  of  bog  ore  is  wholly  inadequate  to  account  for  the 
accumulation  of  such  vast  masses  as  occur,  or  to  explain  the  relations 
to  the  associated  rocks.  If  not  of  this  origin,  they  could  only  conceive 
that. they  are  igneous.  The  frequent  association  of  the  ore  with  erup- 
tives and  the  tine  banding  led  to  the  conclusion  that  these  facts  can 
hardly  be  explained  except  by  igneous  action.  These  writers  saw, 
however,  that  when  the  ore  is  found  in  beds  in  clearly  metamorphic 
strata  having  a  common  bearing  and  inclination  they  must  be  sedimen- 
tary, and  such  deposits  are  regarded  as  having  been  derived  from  the 
destruction  of  previously  formed  igneous  masses  and  their  present 
association  to  have  resulted  from  aqueous  deposition-,  so  that  even  in 
this  case  the  iron  has  an  igneous  source.  At  the  present  time  tew 
would  assert  that  the  iron  ores  are  vein  deposits,  or  the  result  of 
decomposition  of  pyrites,  or  the  metamorphism  of  bog  ores;  but  there 
are  other  explanations  overlooked  by  Foster  and  Whitney  which  may 
apply  before1  being  driven  to  the  igneous  hypothesis. 

The  reasons  given  by  Foster  and  Whitney  for  an  igneous  origin  of 
the  ore-bearing  formations  are  of  a  negative  character,  and  the  only 
case  in  which  positive  evidence  is  given  the  rocks  are  recognized  as 
detrital.  But  Wadsworth  brings  forward  positive  evidence  as  to  the 
origin  of  the  ores.  Many  instances  are  cited  showing  the  way  in  which 
the  jasper  and  ore  have  eruptive  contacts  with  the  associated  schists. 
The  tacts,  however,  indicate  the  eruptive  character  of  the  ore  and  jas- 
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per  only  if  the  schists  are  of  sedimentary  origin.  The  investigations 
of  Irving,  Williams,  and  the  Profs.  Winchell,  as  well  as  our  own  later 
work,  have  shown  that  the  lower  Vermilion  and  lower  Marquette  iron- 
bearing  members  contain  many  schistose  dikes,  and  also  that  in  many 
cases  the  massive  greenstone  knobs  found  in  these  districts  vary  by 
imperceptible  stages  into  the  finely  laminated  schists  associated  with 
the  irou  ore  and  jasper.  The  schists  are,  then,  in  part  at  least,  of  erup- 
tive origin.  Brooks  noted  the  dike-like  character  of  certain  magnesian 
schists  associated  with  the  ore  formation,  between  which  and  the  dio- 
ritic  schists,  believed  to  be  of  sedimentary  origin,  it  was  said  to  be 
impossible  to  draw  the  line.  That  these  well  laminated  schists  should 
not  at  first  be  regarded  as  eruptive  is  natural,  but  the  variation  of 
massive  igneous  rocks  into  those  which  are  well  laminated  as  a  result 
of  dynamic  action  and  metasomatic  changes  is  now  so  Avell  known  that 
new  cases  of  it  excite  no  surprise.  I  would  by  no  means  assert  that 
all  of  the  schistose  rocks  associated  with  the  iron  ores  and  jaspers  in 
the  Marquette  and  Vermilion  districts  are  of  eruptive  origin,  but  this 
is  certainly  the  case  at  many  localities.  This  view  reverses  Wads- 
worth's  and  makes  his  sedimentary  rocks  eruptive  and  his  eruptives 
sedimentary.  It  will,  however,  be  seen  that  this  position  harmonizes 
Irving's  conclusion  as  to  the  sedimentary  origin  of  the  ores  and  jaspers 
and  the  point  upon  which  Wads  worth  places  most  emphasis,  that  there 
are  eruptive  contacts  between  these  rocks  and  the  associated  schists. 

It  is  to  be  noted  that  the  eruptive  theory  has  been  applied  only  to  the 
Marquette  and  Vermilion  jasper  and  ore.  No  one  has  asserted  such  an 
origin  for  the  iron-bearing  horizon  of  the  Penokee  and  Animikie  series. 
This  is  an  independent  question,  as  will  be  seen  by  what  follows;  for 
these  formations  probably  occupy  a  higher  position  than  the  lower  Mar- 
quette and  lower  Vermilion  ores.  We  have,  then,  to  answer  two  ques- 
tions: "What  is  the  origin  of  the  iron -ore  formations  of  the  Penokee, 
Animikie,  and  equivalent  iron-bearing  formations?"  and,  second,  "What 
is  the  origin  of  the  great  masses  of  ore  and  jasper  of  somewhat  irregu- 
lar shape,  apparently  not  continuous  formations,  although  probably  at 
rather  persistent  horizons,  in  the  Lower  Vermilion,  Lower  Marquette, 
Kaministiquia,  and  similar  areas!" 

Upon  the  first  of  these  questions  there  is  practically  no  dispute.  The 
iron-ore  formation  in  the  Penokee  district  has  been  found  to  extend  for 
many  miles  as  a  simple  belt  of  very  uniform  thickness  between  two  read- 
ily recognized  detrital  formations,  all  with  a  common  strike  and  dip 
varying  within  very  narrow  limits.  A  precisely  similar  condition  of 
affairs  is  found  in  the  Animikie  district.  These  formations  have  been 
shown  by  later  work  to  have  been  originally  altogether  what  they  still 
are  largely,  thinly  laminated  impure  cherty  carbonates  of  iron,  in  every 
way  analogous  to  similar  earthy  carbonates  of  later  geological  periods 
The  other  forms  of  material  now  associated  with  them,  such  as  jasper, 
actinolitic  and  maguetitic  schists,  ore  bodies,  etc.,  are  the  consequence 
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of  subsequent  changes.  The  ore  bodies,  for  instance,  are  secondary 
concentrations,  generally  in  troughs,  due  to  the  action  of  percolating 
water.  The  same  tacts  are  apparent  as  to  the  Upper  Marquette  and 
Upper  Menominee  ores  ami  jaspers. 

In  the  case  of  the  iron  formations  of  the  Lower  Marquette,  Lower 
Vermilion,  and  similar  districts  the  question  can  not  be  so  decisively 
answered.  The  Lower  Marquette  iron-bearing  formation  is  generally, 
if  not  always,  the  uppermost  member  found  in  the  lower  series,  when  ero- 
sion has  not  carried  it  away,  and  therefore  apparently  occupies  a  definite 
horizon,  although  as  the  structure  of  this  district  has  not  been  worked 
out  in  detail  this  can  not  be  positively  asserted.  In  the  Vermilion  lake 
district  the  great  masses  of  ore  and  jasper  of  immense  thickness  seem 
to  extend  only  for  a  short  distance  along  the  strike  of  the  rocks,  then 
disappear  and  reappear  at  intervals  to  the  northeastward  at  Long  lake, 
at  Hunter's  island,  and  other  points,  probably  also  north  of  Port  Arthur 
in  the  Kamiuistiquia  district.  This  lack  of  persistence  may  be  due  to 
the  fact  that  the  fold  or  folds  are  not  horizontal,  but  have  a  varying  pitch. 
Theore  formation  at  the  swells  of  the  pitchingfblds  may  have  been  removed 
by  erosion.  While  it  is  not  proved,  it  is  probable  that  the  ore  forma- 
tion is  at  a  definite  horizon,  since  the  different  outcrops  appear  to  be  in 
the  same  part  of  the  series  and  along  the  same  general  line  of  strike 
for  considerable  distances.  These  ore  and  jasper  formations  contain 
abundant  iron  carbonate,  are  inter] aminated  with  graphitic  schists  con- 
taining iron  carbonate,  the  graphite  of  which  is  so  abundant  and  widely 
disseminated  in  minute  particles  that  it  can  hardly  be  believed  to  be 
other  than  of  organic  origin,  and  from  these  forms  there  are  gradations 
to  the  other  forms  of  rock  found  in  the  iron-bearing  formation.  In  the 
deeper  workings  of  some  of  the  larger  mines  of  the  Marquette  and  Me- 
nominee districts,  the  ore  bears  much  residual  carbonate  of  iron  and 
also  carbonates  of  calcium  and  magnesium.  At  Iron  Mountain  and 
Metropolitan  the  iron  formation  grades  downward  by  insensible  de- 
grees into  the  limestone.  All  of  these  points,  and  the  remarkable  lith- 
ological  likenesses  between  the  phases  of  rocks  found  at  these  horizons 
and  those  occurring  in  the  iron  formations  of  the  Penokee  and  Animikie, 
demonstrably  of  detrital  origin,  are  cited  as  evidence  that  these  ores 
are  derived  from  an  originally  impure  cherty  carbonate  of  iron.  A 
study  of  the  Vermilion  iron  formation  by  N.  H.  and  11.  V.  Winchell 
lias  led  them  to  the  conclusion  that  it  is  of  direct  chemical  detrital 
origin  rather  than  derived  from  an  impure  cherty  .carbonate.  Which 
of  these  views  is  the  correct  one  does  not  concern  the  present  question, 
for  if  the  ore-bearing  formation  is  detrital  it  may  be  used  for  the  pur- 
poses of  stratigraphy.  We  thus  have  in  favor  of  an  origin  for  these 
lower  ore  formations  similar  to  those  of  the  Penokee  and  Animikie  a 
large  amount  of  positive  evidence,  while  the  only  adverse  positive  facts 
are  those  cited  by  Wadsworth,  and  these,  as  has  already  been  said,  may 
be  brought  into  accordance  with  the  sedimentary  theory  by  consider- 
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iug  tlie  schistose  rocks  having  eruptive  contacts  with  the  ores  and  jas 
pers  as  the  intrusives,  which  in  many  cases  they  demonstrably  are.  In 
his  most  recent  paper  Wadsworth  himself  suggests  that  the  supposed 
eruptive  jasper  and  ore  may  be  "  truly  fragmental,  their  present  rela 
tions  being  due  to  sedimentary  and  chemical  action  and  the  squeezing 
together  of  the  jaspilite  and  schist." 

It  was  suggested  by  Brooks  that  the  ore  deposits  of  the  Now  Bng 
land-Saginaw  range  and  of  the  lake  Superior  mine  in  the  Marquette 
district  are  secondary  concentrations  due  to  the  removal  of  silica  and 
the  deposition  of  iron  oxide.  The  same  position  was  taken  by  Romiuger 
for  the  entire  Marquette  district.  Later  I  have  shown  that  it  is  a  general 
truth  for  the  lake  Superior  region  that  the  iron  ore  deposits  are  second- 
ary concentrations,  produced  by  downward  percolating  waters  along 
the  paths  of  great  water  channels,  and  particularly  at  places  where  the 
waters  are  converged  by  tilted  impervious  basement  formations. 

THE    BASIC    ERUPTIVES    AND    STRATIGRAPHY. 

At  one  other  point  the  problem  of  lake  Superior  stratigraphy  has 
been  made  more  difficult  by  certain  of  the  geologists  than  was  neces- 
sary. The  diabases,  diorites,  and  gabbros  were  by  several  writers  in 
early  days  regarded  as  metamorphic  sedimentary  rocks.  Logan,  Mur- 
ray, and  Foster  and  Whitney  are  notable  exceptions.  Partly  as  a  con- 
sequence of  this  fact  came  the  minute  subdivision  of  the  Marquette, 
Menominee,  Penokee,  and  other  series.  All  now  regarding  these  rocks 
as  intrusives,  the  facts  that  they  are  often  in  boss-like  masses,  and  when 
interleaved  do  not  necessarily  continue  for  any  considerable  distance, 
present  no  difficulty;  while  a  great  formation  like  the  Upper  Slate  of 
the  Penokee  and  Marquette  districts  is  left  as  a  whole  rather  than  di- 
vided into  a  number  of  members  separated  by  layers  of  greenstone. 
Also  it  is  nowT  known  that  the  "  dioritic  schists"  are  ancient  eruptives, 
in  part  contemporaneous  and  interbedded  with  the  sedimentary  rocks. 
The  volcanic  character  of  these  rocks  was  suggested  by  Foster  and 
Whitney,  and  their  igneous  origin  was  appreciated  by  Kominger.  Later 
investigations  by  Wadsworth  and  Williams,  with  the  microscope,  lead 
to  the  same  conclusion. 

The  intrusions  of  the  diabases,  gabbros,  and  diorites,  as  suggested  by 
Kominger,  Wadsworth,  and  Merriam,  have  oftentimes  had  an  important 
influence  upon  the  structure  of  the  sedimentary  beds,  although  Rom- 
inger holds  that  the  folding  is  primarily  due  to  the  intrusive  granite. 
Strong  and  tvominger  also  suggested,  in  the  St.  Louis  river  district, 
that  the  eruptives  were  the  pipes  which  furnished  the  outflows  of  Ke- 
weenawan  time.  This  idea  is  not  only  plausible  for  this  district,  but 
is  probably  true  for  the  entire  lake  Superior  region.  A  closer  study  will 
probably  demonstrate  that  the  fresher  eruptives  in  both  the  upper  and 
lower  Huronian,  including  the  great  intrusive  beds  of  the  Animikie,  are 
really  Keweenawan  in  age.   Also  the  numerous  dikes  of  like  character 
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cutting  the  fundamental  complex  doubtless  represent  in  other  series 
the  same  manifestation  of  igneous  activity. 

UNCONFORMITY   AT  BASE   OF   CLASTIC   SERIES. 

In  attempting  to  determine  how  far  the  different  views  held  as  to  lake 
Superior  stratigraphy  are  really  in  harmony,  it  is  desirable  to  have,  if 
possible,  as  starting  planes  upper  and  lower  horizons.  From  the  pre- 
ceding pages  it  is  evident  that  for  the  first  of  these  we  have  the  base 
of  the  Keweenawan.  Nearly  all  are  agreed  that  below  this  series  is  a 
break  more  or  less  considerable,  and  all  are  agreed  that  it  is  a  recog- 
nizable plane.  It  appears  to  the  writer  that  the  evidence  shows  the 
existence  of  another  general  plane  for  the  lake  Superior  region  at 
the  horizon  elsewhere  defined  as  separating  the  Archean  from  the 
Algonkian — that  is,  the  plane  between  the  basement  granite-gneiss- 
schist  complex  and  the  overlying  clastic  series  with  their  equivalent 
crystallines.  The  failure  generally  to  recognize  this  plane  is  due  to  the 
fact  that  the  banded  and  contorted  gneiss,  which  is  the  most  prominent 
rock  of  the  basal  complex,  does  not  differ  greatly  in  lithological  char- 
acter from  areas  of  later  granite-gneiss  which  have  intruded  the  elas- 
tics. This  later  granite-gneiss  is,  however,  usually  somewhat  nearer 
the  normal  form  of  an  eruptive  rock,  not  having  suffered  so  many  vicis- 
situdes in  its  briefer  history.  Those  whose  attention  has  been  mainly 
directed  to  the  contact  phenomena  of  the  intrusive  granite-gneisses 
have  generally  refused  to  believe  in  an  earlier  granite-gneiss,  although 
recognizing,  at  least  in  some  cases,  that  the  lowest  detrital  rocks  bear 
numerous  fragments  of  a  granite-gneiss.  On  the  other  hand,  those 
whose  attention  has  been  directed  to  the  unconformities,  as  indicated 
by  basal  contacts  and  other  phenomena  between  the  basal  complex  and 
the  clastic  series,  have  sometimes  been  disinclined  to  believe  in  the 
existence  of  important  areas  of  granite- gneiss  which  are  intrusives  later 
than  the  clastic  series.  Generally,  in  the  districts  which  have  been 
studied  by  individual  writers  the  phenomena  of  the  one  class  are  con- 
spicuous while  those  of  the  other  class  are  unimportant  or  perhaps 
lacking  altogether.  Naturally  this  has  engendered  an  inclination  in 
each  observer  to  conclude  that  the  relations  which  have  strongly  im- 
pressed him  are  true  of  the  entire  lake  Superior  region. 

Bell  and  Selwyn  find  no  evidence  of  discordance  between  their  Lau- 
rentian and  Huronian.  Bell,  in  1873,  says  the  distinction  between  the 
Laurentian  and  Huronian  is  chiefly  of  a  lithological  character,  while 
Selwyn,  in  1883,  states  that  he  can  give  no  better  reason  for  supposing 
that  certain  sets  of  beds  belong  to  the  Laurentian  and.  others  to  the 
Huronian  than  a  considerable  difference  in  lithological  character,  the 
former  being  essentially  granitoid,  gneissic,  and  feldspathic,  while  the 
latter  is  quartzose,  hornblendie,  schistose,  and  slaty. 

There  is,  however,  much  evidence  that  the  plane  between  the  Algom 
kian  and  Archean  is  definitely  fixed  over  much  of  the  lake  Superior 
region  by  a  great  unconformity. 
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That  below  the  Cherty  Limestone  of  the  Penokee  series  there  is  a 
great  physical  break  would,  in  the  face  of  the  evidence  at  present 
known,  be  hardly  doubted  by  anyone.  The  cherty  limestone,  forming 
a  single  line  of  outcrops,  although  nor  continuous,  now  rests  upon 
granite,  now  upon  gneiss,  now  upon  the  green  crystalline  schists. 
The  granite  is  definitely  known  to  be  later  than  the  schists  because  it 
intricately  intrudes  them,  but  it  never  intersects  the  cherty  limestone. 
This  basement  is  clearly  a  complex  upon  which  the  limestone  has 
been  deposited. 

Turning  now  to  the  Marquette  district:  Unconformable  contacts 
have  been  found  at  many  localities,  but  here  the  clastic  series  are 
folded,  and  certain  of  the  contacts  between  the  elastics  and  crystalline 
complex,  by  overlapping,  are  below  upper  members  of  the  clastic  series 
rather  than  truly  basal  contacts.  Of  the  two  localities  cited  by  Brooks 
for  the  unconformity  between  the  Huronian  and  Laurentian,  that  at 
Republic  mountain  is  clearly  between  the  lower  part  of  the  Marquette 
series  and  the  granite  gneiss-schist  complex,  while  that  at  Plumbago 
creek,  in  the  L'Anse  district,  is  certainly  below  a  high  horizon.  Of  the 
many  localities  cited  by  Roininger  and  Irving  in  which  there  are  con- 
tacts between  the  granite-gneiss-schist  complex  and  the  overlying  elas- 
tics, if  Brooks's  succession  be  accepted,  several  belong  well  down 
in,  if  not  actually  at,  the  base  of  the  Marquette  series.  At  these 
contacts  the  elastics  are  generally  conglomerates,  built  up  chiefly 
of  the  debris  of  the  underlying  rocks,  and  oftentimes  so  thoroughly 
cemented  as  closely  to  resemble  them  and  to  lead  to  the  conclusion,  if 
not  carefully  examined,  that  there  is  a  real  transition  between  the 
clastic  and  crystalline  rocks.  As  already  indicated,  this  was  at  first 
Rominger's  opinion,  and  the  apparent  transition  was  taken  to  indicate 
a  gradual  metamorphism  from  the  conglomerates  to  the  granite  or 
schists  as  the  case  might  be.  But  Rominger's  later  studies  led  him  to 
see,  as  did  also  Irving,  that  these  basal  conglomerates  are  recomposed 
rocks  resting  upon  an  earlier  formed  crystalline  and  often  granitic  base. 
In  the  Menominee  district  Brooks,  Rominger,  and  Irving  all  hold  that 
contacts  are  found  between  very  low,  or  the  lowest  members  of  the 
clastic  series  and  the  granite- gneiss  complex,  the  relations  being  those 
of  profound  unconformity.  The  actual  contact  described  by  Smyth 
(too  late  to  summarize  in  the  literature)  between  the  lowest  formation 
of  the  lower  Marquette  and  the  granite-gneiss  at  Republic  mountain 
is  the  clearest  case  on  the  south  shore.  Here  is  a  basal  conglomerate 
containing  numerous  water-worn  bowlders  and  pebbles  of  granite,  rest- 
ing directly  upon  the  granite  from  which  the  fragments  are  derived. 

As  shown  by  Irving,  the  magnitude  of  the  break  in  the  Penokee, 
Marquette,  and  Menominee  districts  is  not  lessened  whether  the  under- 
lying schist,  gneiss,  and  granite  are  igneous  or  sedimentary,  for  they 
had  reached  their  present  crystalline  condition  before  the  overlying 
rocks    were  deposited  upon   them,  a   condition  which    a  part   or  all 
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could  not  have  bad  as  surface  rocks;  and  which  .shows,  whether  igne- 
ous or  aqueous,  profound  induced  structures  and  deep  erosion,  and 
therefore  a  system  of  rocks  which  had  an  intricate  history  before  the 
elastics  were  deposited.  In  this  connection  the  physical  break  at  the 
base  of  the  Animikie  and  its  equivalents  is  not  cited,  because  this 
series  occupies  a  higher  position  than  the  series  overlying  the  break 
just  considered. 

As  further  evidence  for  a' great  physical  break  between  the  base- 
ment complex  and  the  lowest  overlying  elastics  are  cited  by  Brooks  and 
Irving  (1)  the  strong  contrast  in  the  litliological  characters  of  the  two, 
the  fundamental  complex  being  thoroughly  crystalline,  while  the  over- 
lying rocks  are  mainly  plainly  detrital,  or  such  as  may  have  been 
derived  from  detritals;  (1)  the  fact  that  the  complex  is  cut  by  very 
numerous  granite  dikes,  which  are  but  rarely  found  in  the  elastics; 
and  (3)  their  general  field  relations,  the  complex  having  most  ob- 
scure structures  and  very  great  variability  in  strike  and  tip,  while 
the  elastics  are  less  intricately  folded,  showing  that  the  older  series 
has  been  subjected  to  orographic  movements  prior  to  the  newer. 

As  before  stated,  Brooks,  Roininger,  and  Irving — the  three  who  have 
done  the  most  detailed  and  continuous  work  on  the  south  shore — had 
at  the  outset  different  opinions  as  to  the  relations  of  the  elastics  to  a 
basement  granite-gneiss,  but  they  all  came  to  the  same  final  conclu- 
sion, that  between  the  two  is  a  great  structural  break.  Pumpelly  and 
Ohamberlin,  who  have  also  done  much  general  work  in  this  region, 
agree  with  this  conclusion.  While  this  is  true,  all  of  these  writers  do 
not  agree  in  every  district  as  to  the  position  at  which  this  plane  is 
found. 

Whether  the  physical  break  which  exists  below  the  clastic  series 
on  the  south  shore  is  paralleled  by  a  widespread  unconformity  on  the 
north  shore  is  less  certain,  although  such  an  unconformity  is  found 
locally.  Lawson,  who  has  done  the  most  work  in  this  region,  maintains 
that  between  the  Keewatin  and  Coutchiching  a  profound  physical 
change  took  place  in  the  conditions  of  deposition,  consequent  upon 
which  are  great  differences  in  litliological  characters  and  a  prevalent 
more  crystalline  condition  in  the  inferior  series.  He  also  describes 
conglomerates  in  two  places  at  the  base  of  the  Keewatin  which  bear 
both  granitic  fragments  and  fragments  from  the  Coutchiching.  From 
these  facts  Lawson  believes  that  there  is  a  real  unconformity  be- 
tween the  two  series,  although  at  the  present  time  they  have  been  so 
squeezed  together  and  secondary  structures  formed  jas  to  be  usually 
in  apparent  conformity,  and  the  separation  in  mapping  is  based  for 
the  most  part  upon  litliological  grounds.  Lawson,  however,  believes 
that  the  •Coutchiching  is  a  bedded  sedimentary  series,  rather  than  a< 
part  of  the  basal  complex,  as  here  defined.  If  this  be  true, this  uncoil 
formity  does  not  bear  on  the  question  under  discussion. 

Pumpelly  and  ►Smyth,  who  have  recently  made  a  rather  extended  trifj 
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in  western  Ontario,  acquiesce  in  Lawson's  conclusion  in  so  far  as  the 
uncon fosmity  is  concerned,  but  differ  from  Lawson  in  that  they  find  a 
great  structural  discordance  between  the  basal  clastic  series  easl  of 
Rainy  lake  and  a  fundamental  complex  consisting  of  granite,  gneiss, 
and  schist,  while  finding  the  superinduced  foliation  of  both  series 
parallel. 

Tn  Minnesota  the  Profs.  Winchell,  although  recognizing  the  plane 
between  the  elastics  and  crystallines  as  a  boundary  between  two  groups 
of  rocks,  maintain  conformity  and  gradations,  although  Alexander 
Winchell  suggests  that  it  is  a  possibility  that  the  apparent  conformity 
is  superinduced  by  subsequent  dynamic  action. 

The  probability  of  an  unconformity  here  follows  from  the  same  line 
of  reasoning  as  that  applied  to  the  lake  of  the  Woods  and  Rainy  lake 
districts,  and  is  further  indicated  by  the  descriptions  of  conglomerates 
at  Saganaga  and  Epsilon  lakes  in  northeastern  Minnesota  by  Alex. 
Winchell.  In  the  published  notebooks  these  conglomerates  are 
described  and  figured  as  sharply  separated  from  the  underlying  syenite 
and  containing  rounded  pebbles  of  it,  although  it  is  said  the  conglom- 
erates were  not  laid  down  on  the  solidified  syenite.  Later  these  occur- 
rences are  interpreted  to  mean  that  the  syenite  and  gneiss  are  of  sedi- 
mentary origin,  being  completely  metamorphosed.  However;,  I  am  not 
sure  that  I  understand  the  descriptions  well  enough  to  be  certain  that 
these  so  called  conglomerates  are  not  really  due  to  the  intrusion  of  the 
later  irruptive  syenite,  as  was  suggested  by  Winchell  himself.  In  the 
earlier  work  on  the  north  shore  of  lake  Superior  done  by  Bell,  no  dis- 
tinction was  made  between  the  fine  grained  elastics  and  the  crystalline 
schistose  rocks,  although  it  is  not  improbable  that  closer  work  will  make 
it  possible  to  extend  the  structural  subdivisions  of  Puinpelly  and  Smyth. 
Macfarlane  noted  that  the  squeezed  Huronian  slate  conglomerates  fre- 
quently contain  granite  fragments,  although  he  did  not  consider  them 
to  be  of  sedimentary  origin.  Herrick  found  in  his  schistose  group  on 
Michipicoten  bay  basement  conglomerates,  the  pebbles  of  which  are  like 
the  granite  below,  although  the  relations  between  the  granite  and 
schists  are  such  as  to  suggest  to  him  that  the  granite  had  been  intruded 
beneath  the  schist.  Dawson  (Sir  William),  Logan,  and  Bell  all  mention 
granite  and  gneiss  fragments  in  the  Original  Huronian  east  of  lake 
Superior,  and  Logan  clearly  believed  the  two  to  be  unconformable. 
Irving  found  additional  evidence  in  favor  of  this  unconformity.  Recent 
work  of  Puinpelly  and  myself  has  shown  that  the  lowest  member  of 
the  Original  Huronian,  as  mapped  by  Logan,  rests  with  a  great  uncon- 
formity upon  the  basement  complex,  the  Laurentian  of  Logan.  Sel  wyn, 
although  thinking  the  Huronian  and  Laurentian  conformable,  states 
that  Laureutian  pebbles  occur  in  the  Huronian. 

As  shown  in  another  place,  the  gradation  described  by  the  Profs. 
Winchell  in  northeastern  Minnesota,  and  which  appears  to  occur  in 
other  places,  is  wholly  consistent  with  a  real  structural  break  between 
Bull.  80 13 
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the  basal  complex  and  the  elastics.  When  a  clastic  series  grades  down 
into  a  crystalline  one,  this  niay "be  caused  by  progressive  metamorphism5 
by  contact  action  of  a  subsequent  intrusive,  or  by  later  folding,  which 
destroys  the  original  bedding  of  both  scries  and  produces  a  common 
secondary  structure,  at  the  same  time  causing  the  newer  scries  to  assume 
a  crystalline  character.  Such  induced  conform  it  y  and  transit  i<  >n  are  the 
more  likely  to  occur  when  the  materials  of  the  newer  series  are  chiefly 
derived  from  the  older,  and,  as  shown  by  Pumpelly,  will  be  particularly 
likely  to  be  perfect  when  the  earlier  series  has  suffered  atmospheric  dis- 1 
integration  before  the  deposition  of  the  later.  Future  study  may  show 
still  other  causes  of  gradations  between  unconformable  series. 

Evidently  north  and  east  of  lake  Superior  we  are  not  without  posi- 
tive evidence  that  a  great  physical  break  occurs  at  certain  points 
between  an  ancient  granite-gneiss-schist  complex  and  the  clastic  series, 
which,  however,  are  often  cut  by  recent  intrusive  granite-gneisses.  Also 
at  many  localities  in  which  an  unconformity  has  not  been  positively 
shown  the  evidence  at  hand  points  in  this  direction.  When  the  condrl 
tions  are  considered  which  are  necessary  to  produce  an  unconformity 
it  is  difficult  to  see  how  one  can  really  be  of  a  local  nature.  Thus  while 
it  can  not  be  asserted  that  a  universal  structural  break  north  and  east 
of  lake  Superior  exists  between  the  Algonkian  and  Arckean,  there  is: 
a  probability  that  such  is  the  case. 

The  foregoing  evidence  combined  gives  a  strong  case  of  probability 
for  a  general  structural  break  in  the  lake  Superior  region  between  the 
lowest  clastic  series  and  a  basement  crystalline  complex.  However,  it 
can  not  be  denied  that  certain  of  the  contacts,  cited  as  showing  this  un- 
conformity, although  unquestionably  beneath  the  lowest  clastic  series 
for  particular  districts,  may  be  at  higher  strati  graphical  positions  than 
the  base  of  the  lowest  clastic  series  of  the  whole  lake  Superior  region. 
Before  the  question  of  a  break  at  this  position  can  be  considered  as  set- 
tled beyond  all  question  for  the  entire  lake  Superior  region  much 
more  detailed  mapping  must  be  done.  However,  the  existence  of  this 
break  for  many  districts  is  so  strongly  supported,  that  it  gives  for  the 
present  the  best  available  guidance  as  to  one  fixed  horizon  for  Compaq 
isons  of  the  rock  series  of  the  different  districts.  The  recognition  of  this  | 
break  does  not  imply  that  the  lowest  clastic  series  at  certain  localities 
are  not  penetrated  by,  and  now  rest  upon,  intrusive  granite-gneiss,  but 
in  such  cases  the  evidence  of  this  break,  if  it  once  existed,  has  been  de- 
stroyed. 

We  have,  then,  for  structural  work  two  starting  planes,  the  base  of  the 
Keweenawan  and  the  base  of  the  elastics,  included  between  which  are 
the  larger  part  of  the  series  of  rocks  placed  in  the  Huronian  by  the 
earlier  <  Janadian  geologists,  the  Animikie,  Lawson/s  Keewatin  the  Profs. 
Winchell's  Keewatin  and  Animikie,  Irving's  Huronian,  and  perhaps  in 
part  the  Profs.  Winchells'  Vermilion  and  Lawson's  Ooutchiching. 
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UNCONFORMITY   WITHIN   CLASTIC   SERIES. 

It  is  believed  that  many  of  the  further  difficulties  as  to  correlation  in 
the  districts  about  lake  Superior  have  arisen  from  the  failure  to  recog- 
nize a  third  physical  break  which  has  a  very  wide,  if  not  universal, 
extent  in  this  region.  The  early  Canadian  geologists  found  a  break  at 
the  base  of  the  Animikie,  and  while  this  series  was  first  placed  with 
the  Huronian,  the  fact  that  unconformably  below  it  was  another  series 
which  also  resembled  the  Huronian  led  the  later  Canadian  geologists 
to  exclude  the  entire  Animikie  from  the  Huronian,  and  they  have  thus 
restricted  the  term  in  this  district  to  the  pre- Animikie  Huronian  rocks. 
The  Michigan  and  Wisconsin  geologists  include  in  the  Huronian  the 
equivalents  of  both  the  Animikie  and  pre- Animikie  Huronian,  and  while 
facts  were  clearly  contained  in  their  reports  pointing  to  a  discordance 
within  the  rocks  referred  to  the  Huronian  no  attempt  was  made  to 
carry  these  facts  to  their  conclusion  and  to  subdivide  the  series.  But  as 
early  as  1883  Irving  saw  that  there  is  a  series  of  green  schists  and 
schist-conglomerates  which  must  rest  discordantly  below  other  rocks 
recognized  as  Huronian,  as  shown  by  their  attitude  and  degree  of  crys- 
tallization, as  well  as  by  the  fact  that  they  had  yielded  fragments  to 
the  newer  formations.  Asa  consequence  of  this  he  was  led  to  exclude 
from  the  Huronian  these  lower  schists,  which  had  before  been  every- 
where accepted  as  Huronian.  Lawson,  in  1886,  saw  that  his  Keewatin 
series  is  fundamentally  different  from  parts  of  the  original  Huronian, 
and  especially  from  the  Animikie  series,  and  was  led  to  refer  it  to  the 
Huronian  series  only  doubtfully  5  at  the  same  time  he  saw  that  the 
Keewatin  is  like  the  Dore  river  series  at  the  east  end  of  lake  Superior, 
and  suggested  that  possibly  Logan  and  Murray  had  placed  in  the 
Huronian  two  discordant  series.  Alexander  Winchell,  in  his  last 
paper,  which  appeared  almost  simultaneously  with  his  death,  announced 
definitely  that  two  series  had  beeu  confounded  in  the  Huronian. 

We  will  now  consider  the  evidence  for  a  physical  break  within  the 
rocks  which  have  generally  been  referred  to  the  Huronian. 

Evidence  of  this  break  in  the  Marquette  district  was  first  noticed  by 
Foster  and  by  Foster  and  Whitney,  who  found  over  the  ore  horizon  at 
what  has  since  become  the  Republic  mine,  and  one  or  two  other  locali- 
ties, a  conglomerate  bearing  fragments  of  the  ore,  jasper,  and  other  rocks 
associated  with  the  iron  ore.  It  was  next  noted  by  Kimball,  who 
mentions  beds  of  specular  conglomerate.  Credner  describes,  over  the 
iron  formation  at  Michigamme  mine,  a  conglomerate,  the  fragments 
of  jasper  and  quartz  being  in  an  iron  and  quartz  base.  Brooks 
(describes  the  upper  quartzite  of  Republic  mountain  and  that  at  the 
New  England  mine  as  a  conglomerate  containing  fragments  of  ore. 
By  Rominger  the  break  was  noticed  at  so  many  places  that  he  re- 
marked that  above  the  iron-bearing  rock  is  generally  a  very  coarse 
tyuartzite-conglomerate  which  often  has   the   character  of  a   coarse 
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grained  ferruginous  quartzite,  the  fragments  of  which  are  chiefly  ore, 
jasper  and  quartz.  This  occurrence  is  so  general  as  to  suggest  to  this 
author  that  great  disturbances  not  of  a  local  extent  must  have  occurred 
at  the  end  of  the  era  of  iron  sediments.  Wadsworth  says  that  these 
conglomerates  mark  old  water- worn  beaches- after  the  jasper  and  ore 
were  in  situ  in  nearly  their  present  condition.  Believing  in  the  eruptive 
origin  of  these  rocks,  Wadsworth  did  not  regard  the  conglomerates  as 
evidence  of  the  existence  of  more  than  a  single  series.  Recently  this 
author  has  changed  his  opinion  in  this  particular.  Irving  recognized 
the  break,  and  the  fragments  included  in  the  conglomerate  overlying 
the  iron  belt  are  said  to  prove  the  existence  of  the  jaspery  and  chalce- 
donic  material  in  its  present  condition  before  the  formation  of  the  upper 
quartzite.  Lately  the  break  Avas  noticed  by  the  Profs.  Winch  ell,  and 
N.  H.  Winchell  regarded  it  as  so  great  that  the  rocks  above  the  break 
were  provisionally  referred  to  the  Potsdam.  The  writer  has  described 
the  break  as  of  universal  extent  and  as  representative  of  a  great  uncon- 
formity, for  the  banded  and  contorted  jasper  and  ore  are  found  to  abut 
perpendicularly  against  a  quartzite  bearing  abundant  fragments  of  the 
underlying  formation,  which  are  in  exactly  the  condition  there  found. 
The  lower  series  is  a  semicrystalliue,  much  folded  one,  while  the  upper 
series  has  usually  not  become  crystalline  nor  closely  folded.  Before  the 
upper  series  was  deposited  the  lower  series  was  folded  and  truncated. 

It  is,  then,  plain  that  in  the  Marquette  district,  within  the  rocks  whicH 
have  heretofore  been  referred  to  the  Huronian,  are  two  series.  Below 
the  break  which  separates  them  are  the  lower  quartzite  of  Brooks,  the 
associated  novaculite  and  limestone,  and  the  lower  ore-bearing  forma- 
tion, including  the  hematitic,  magnetitic,  and  actinolitic  schists  and  jas- 
pers, which  contain  the  larger  number  of  great  mines.  Above  the  phys- 
ical break  are  Brooks's  upper  quartzite,  the  base  of  which  is  generally 
the  conglomerate  already  described.  Over  the  upper  quartzite  follow 
the  black  slates,  sometimes  carbonaceous,  gray wackes,  and  mica  schists, 
together  of  great  thickness,  and  occupying  an  area  as  large  as  or  larger 
than  the  Lower  Marquette  series.  In  these  upper  slates,  apparently  at 
rather  persistent  horizons,  are  locally  belts  of  chert  and  iron  carbonate 
associated  with  ore  bodies  of  considerable  size.  These  ores  are,  how- 
ever, of  a  very  different  character  from  those  which  occur  in  the  lower  ore 
formation. 

In  the  Menominee  district  as  evidence  in  favor  of  a  physical  break 
within  the  clastic  series  are  the  conglomerates  described  by  Brooks  at 
the  Pine  and  Poplar  rivers  district,  and  in  the  Commonwealth  section. 
At  the  first  is  found  conglomeratic  quartz-schists,  containing  micaceous 
iron  and  magnetite;  in  the  second  are  included  conglomeratic  quarts 
schists,  containing  pebbles  of  white  quartz  (chert)  and  jasper.  Simi- 
lar jasper  conglomerates  have  been  found  by  Pumpelly  and  the  writer 
over  the  ore  at  certain  of  the  mines.  The  relations  here  are,  then,  ex- 
actly like  those  in  the  Marquette  district,     Also,  the  structural  break 
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indicated  by  these  conglomerates  is  supported  by  Brooks's  major  di- 
visions of  the  Menominee  rocks.  His  inferior  Huronian  comprises  the 
lower  quartzite  of  great  thickness,  a  great  marble  formation,  and  the 
great  iron  ore  horizon,  consisting  of  magnetitic,  hematitic,  and  jaspery 
schists,  with  deposits  of  iron  ore.  In  this  formation  are  the  Norway, 
Quinnesec,  Lndington,  Chapin  mines,  etc.  Brooks's  middle  Huronian, 
presumably  above  the  unconformity,  includes  quartzites,  clay-slates, 
and  obscure  soft  schists.  Within  these  soft  slates  is  the  upper  iron- 
bearing  horizon,  including  such  mines  as  the  Commonwealth,  those  at 
Crystal  falls,  etc. 

In  the  Penokee  district  this  unconformity  is  represented  by  the  basal 
conglomerates  of  the  Quartz-Slate  member,  containing  numerous  frag- 
ments of  chert  and  a  few  of  jasper,  which  were  in  their  present  condition 
when  derived  from  the  Oherty  Limestone  and  Iron-bearing  members. 
The  lower  series  is  now  represented  by  the  Oherty  Limestone  member 
alone,  while  the  upper  series  includes  the  Quartz  Slate,  Iron-bearing, 
and  Upper-Slate  members. 

That  there  is  a  similar  unconformity  within  the  clastic  series  between 
the  Lower  Vermilion,  Hunters  island,  and  Lower  Kaministiquia  series 
and  the  conglomerates  at  these  places  bearing  abundant  material 
derived  both  from  the  ore-bearing  formation  and  from  the  green  schists, 
is  inferred  because  the  water- worn  fragments  of  schist,  jasper,  and  ore 
are  in  precisely  the  same  condition  in  the  conglomerates  that  they  are 
in  their  original  position.  In  none  of  these  places  have  actual  contacts 
been  described.  The  unconformity  is  further  indicated  in  the  Vermilion 
lake  district  by  a  strongly  developed  schistose  structure  in  a  nearly 
vertical  position  in  the  Lower  Vermilion  series,  while  the  overlying  con- 
glomerates at  places  on  the  islands  of  Vermilion  lake  are  found  to  be 
gently  folded. 

The  work  of  the  Profs.  Winchell  also  gives  evidence  of  this  uncon- 
formity. 1ST.  H.  Winchell,  in  tracing  the  flat  lying  Animikie  series  to 
the  westward  from  Gunflint  lake,  finds  that  it  becomes  more  steeply  in- 
clined and  takes  on,  at  times,  a  slaty  cleavage.  It  is  traced  as  far  as 
Agamok  lake,  near  the  great  Ogishki  conglomerate,  and  the  latter  is 
consequently  placed  with  the  Animikie.  To  these  statements  Alexander 
Winchell  agrees  so  far  as  to  Agamok  lake,  but  places  the  Ogishki  con- 
glomerate as  a  part  of  the  Lower  Vermilion  series,  for  he  traces  this  con- 
glomerate all  the  way  to  Vermilion  lake  and  he  recognizes  no  break  be- 
tween the  Vermilion  lake  conglomerate  and  the  Lower  Vermilion.  Tak- 
ing the  positive  evidence  given  by  Profs.  Winchell  and  disregarding 
their  partial  conclusions,  it  would  seem  to  indicate  that  there  is  a  gra- 
dation and  actual  continuity  between  the  flat-lying  Animikie  and  the 
conglomerates  with  a  vertical  superinduced  structure  at  Ogishki  and 
Vermilion  lakes.  That  between  the  Animikie  and  the  Lower  Vermilion 
there  is  a  great  physical  break  is  now  denied  by  no  one,  ami  if  the  lore- 
going  reasoning  is  true,  it  shows  that  this  break  is  arcontinuation  of 
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the  one  between  the  Lower  Vermilion  and  the  Upper  Vermilion  which 
bears  fragments  of  the  lower  series.  The  only  published  detailed  suc- 
cession of  the  Vermilion  series  is  that  by  Willis.  His  chloritic  schists 
and  jasper  (I,  n,  and  in)  belong  in  the  lower  series,  while  his  con- 
glomerate and  black  clay-slate  (V  and  vn)  belong  in  the  upper  series. 
The  position  of  the  magnetitic  quartzite  (iv)  is  uncertain,  while  the 
quartz-diorite  (vi)  is  probably  an  eruptive  rock. 

It  has  been  long  well  known  that  near  Port  Arthur,  Ontario,  the 
Animikie  and  underlying  Kaministiquia  series  are  unconformable. 
McKellar,  who  for  many  years  has  been  familiar  with  this  district,  has 
proved  this  conclusively.  Therock  series  here  un  conform  ably  underlying 
the  Animikie  are  identical  with  the  Vermilion  lake  iron-bearing  series. 
Considering  the  foregoing  evidence  and  the  complete  likeness  of  this 
lower  series  with  that  bearing  iron  at  Vermilion  lake,  it  can  no  longer 
be  doubted  that  there  is  a  great  physical  break  between  the  Animikie 
and  Lower  Vermilion  series  in  northeastern  Minnesota,  although  the 
equivalenceof  the  Animikie  and  Upper  Vermilion  may  yet  be  maintained. 

In  the  last  few  years  the  difference  of  opinion  has  been  sharp  as  to 
the  equivalence  or  nonequivalence  of  the  Animikie  with  the  Vermilion 
lake  and  equivalent  iron-bearing  series.     Irving  has  maintained  that 
the  Animikie  series  in  its  lithological  character  is  like  the  Penokee  and  I 
Marquette,  these  like  the  Vermilion,  and  therefore  the  Animikie  in  alii 
probability  the  equivalent  of   Penokee,   Marquette,   and  Vermilion. 
Alex.  Winchell,  having  visited  the  Lower  Marquette  series  and  seeing 
but  little  of  the  ground  in  which  the  Upper  Marquette  is  found,  and 
consequently  not  appreciating  that  in  area  and  in  volume  this  series 
probably  surpasses  the  Lower  Marquette,  has  maintained  that  the  Mar- 
quette rocks  are  the  equivalent  of  the  Vermilion  lake  iron-bearing  se- 
ries, but  that  the  Animikie  series  is  separated  from  that  at  Vermilion 
lake  by  a  great  unconformity.     He,  however,  aprneciated  that  in  the 
Marquette  district  are  certain  slates  which  in  lithological  character  are 
like,  and  might  be  equivalent  to,  the  Animikie.     Both  Irving's  and! 
Winchell's  positions  probably  have  an  element  of  truth  and  an  element; 
of  error.    The  Upper  Marquette,  Upper  Vermilion,  Upper  Hunter's 
island  (Ogishki),  in  their  lithological  characters  and  gentle  folding,  aret 
closely  analogous  to  the  Animikie,  and,  as  maintained  by  Irving,  are 
its  probable  equivalent;  while  the  Lower  Marquette  and  Lower  Ver 
milion  lake,  as  maintained  by  Alex.  Winchell,  unconformably  uuderln 
the  Animikie.    The  physical  break  within  the  clastic  series  in  the 
Marquette,  Vermilion,  Hunters  island,  and  Kaministiquia  districts  is 
then,  provisionally  identified  with  the  great  physical  break  recognizee 
by  everyone  at  the  base  of  the  Animikie. 

It  is  only  fair  to  say  that  Lawson  considers  the  unconformity  at  tin 
base  of  the  Animikie  at  a  higher  horizon  than  the  physical  break  de 
scribed  in  these  various  districts.  He  regards  the  Animikie  series  ai 
separated  by  another  great  unconformity  from  the  Upper   Marquette 
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tipper  Vermilion,  Upper  Kaministiqnia,  etc.  To  the  writer  there  seem 
grave  difficulties,  based  on  general  relations,  in  the  way  of  accepting 
this  conclusion.  On  the  other  hand,  the  Upper  Kaministiqnia  conglom- 
erates, not  far  distant  from  the  ordinary  phases  of  the  Anirnikie  rocks, 
have  a  decidedly  different  appearance.  This  may,  however,  he  due  to 
the  fact  that  certain  of  these  conglomerates  are  of  volcanic  origin,  the 
chert  and  jasper  of  which  appear  to  have  been  broken  from  their  beds 
by  volcanic  action  and  mingled  with  lava  and  volcanic  ash.  This  sudden 
change  in  the  character  of  the  beds  of  the  same  age  is  parallelized  in  the 
Penokee  district,  where  the  strata,  within  a  distance  of  a  few  miles,  rapidly 
change  in  character,  become  immensely  thick,  and  are  largely  in  the 
nature  of  agglomerates,  greenstone  conglomerates,  etc.  But  it  must  be 
said  that  such  detailed  mapping  has  not  been  done  adjacent  to  the 
National  boundary  of  northeastern  Minnesota  and  Ontario  and  in  the 
Thunder  bay  district  as  will  warrant  any  positive  statement  as  to 
whether  within  the  clastic  series,  between  the  base  of  the  Keweenawan 
and  the  Basement  Complex,  there  is  another  higher  physical  break, 
making  two  unconformities  which  separate  the  rocks  into  three  series. 
The  ore,  chert  and  jasper  conglomerates  used  as  evidence  of  physical 
breaks  within  the  clastic  series  are  not  to  be  confounded  with  the 
purely  volcanic  conglomerates  which  may  occur  at  any  horizon.  Also 
the  occurrence  of  these  conglomerates  will  have  no  such  meaning  as  here 
assigned  by  those  who  believe  that  the  ore,  chert  and  jasper  in  their 
present  condition  are  igneous  rocks.  To  such  they  will  be  no  more  evi- 
dence of  two  series  than  that  the  Keweenawan  conglomerates,  the  frag- 
ments of  which  are  derived  from  contemporaneous  traps,  are  evidence 
of  many  series.  But  to  those  who  think  the  evidence  is  sufficient  for 
the  belief  that  the  ore,  chert  and  jasper  are  not  only  sedimentary  rocks, 
but  sedimentary  rocks  which  have  gone  through  a  long  and  complex 
history,  the  evidence  of  a  physical  break  furnished  by  these  conglomer- 
ates will  be  satisfactory. 

correlation;  general  considerations. 

We  pass  now  to  the  general  correlation  of  the  lake  Superior  forma- 
tion lying  between  the  two  planes  already  defined,  the  base  of  the 
Keweenawan  and  the  top  of  the  Archean  schist- gneiss- granite  complex. 

Before  it  can  be  decided  whether  series  so  far  distant  from  each 
other  as  the  Dakota  quartzites  and  the  Original  Huronian  (separated 
by  800  miles)  can  be  parallelized,  it  ought  to  be  more  definitely  sett  led 
to  what  extent  correlation  can  be  made  by  unconformities  and  lithologi- 
cal  likenesses,  Irving  inclined  to  the  belief  that  such  structural  breaks 
as  that  described  in  the  Marquette  district  are  of  great  extent,  and  this 
accords  with  the  general  trend  of  modern  structural  work.  From  what 
has  gone  before  it  appears  exceedingly  probable  that  the  structural 
break  between  the  Upper  and  Lower  Marquette  is  identical  with  that 
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which  separates,  even  in  a  more  pronounced  manner,  the  Auimikie  and 
Kaministiquia  series  and  the  upper  and  lower  Vermilion  lake  series 
on  the  other  side  of  the  lake  Superior  basin.  The  break,  being  thus  so 
strongly  marked  at  points  so  far  separated,  would  argue  that  it  extends 
over  a  very  considerable  area  of  the  lake  Superior  region,  not  improb- 
ably from  the  most  distant  rock  series  before  mentioned,  the  Dakota 
quartzites  and  the  Original  Huronian  of  the  north  shore  of  lake 
Huron.  It  would  not  be  expected  that  a  like  succession  is  now  recog- 
nizable in  each  of  the  areas  parallelized,  even  if  they  all  belong  to  the 
same  geological  series.  In  the  first  place,  the  rocks  in  some  districts 
are  not  sufficiently  tilted  to  make  it  certain  that  all  of  the  layers  are 
exposed.  Further,  nine-tenths  or  more  of  the  surface  of  the  country 
over  large  areas  is  heavily  covered  by  the  drift,  so  that  it  is  all  but 
certain  that  some  of  the  formations  which  exist  at  the  rock  surface  have 
not  been  discovered.  Still  further,  no  satisfactory  explanation  has  yet 
been  made  of  the  subordinate  succession  of  formations  in  the  Mar- 
quette, Felch  mountain,  Menominee  and  Vermilion  lake  districts ;  so 
it  is  not  yet  known  how  far  the  order  found  in  one  of  the  districts  is 
equivalent  with  that  of  another.  From  recent  work  it  is  probable  that 
future  investigations  will  show  that  this  likeness  is  greater  in  the 
series  below  correlated  than  has  been  suspected.  But  even  supposing 
the  disagreements  are  as  great  as  the  present  known  facts  might  lead 
one  to  suppose,  it  would  not  be  any  very  strong  evidence  against  the 
correlations;  for  it  is  not  to  be  expected  that  the  same  conditions  of 
sedimentation  have  prevailed  at  all  times  in  a  geological  basin  800 
miles  in  diameter.  While  in  one  part  of  the  basin  fragmental  sedi- 
ments were  accumulating,  it  would  not  be  very  strange  if  chemical 
sediments  or  organic  sediments  were  accumulating  elsewhere.  Below, 
it  is  seen  that  the  Penokee  and  Auimikie  series  are  the  equivalents  of 
each  other  in  the  broadest  sense  of  the  term.  It  is  not  necessarily  true 
that  sedimentation  began  or  ended  simultaneously  in  both  districts,  but 
only  that  in  the  main  they  stand  as  time  equivalents.  How  far  a  corre- 
spondence can  be  made  out  among  the  subordinate  members  of  the  vari- 
ous districts  can  be  determined  only  by  a  detailed  investigation  of  each 
of  the  areas. 

EQUIVALENTS   OF   THE    ORIGINAL  HURONIAN   SERIES. 

Passing  now  to  the  Original  Huronian,  shall  this  series  be  corre- 
lated with  the  Tipper  or  Lower  Marquette,  or  is  it  the  equivalent  of 
both? 

Alex.  Winchell  lately  announced  that  the  Lower  Slate  conglomer- 
ate and  the  underlying  formations  of  the  Original  Huronian  are  sepa- 
rated from  the  Upper  Slate  conglomerate  and  the  overlying  formations 
by  an  unconformity.  No  contacts  are  described,  the  conclusion  being 
based  upon  general  relations.  No  characteristic  debris  of  the  Lower 
Hurouian  i s  said  to  occur  in  the  Upper  Huronian.     The  locality  at  which 
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tbe  strongest  evidence  is  brought  forward  is  on  the  outskirts  of  the 
Original  Huronian,  and  a  part  of  the  formation  which  Logan  and  Mur- 
ray have  mapped  as  Lower  Slate  conglomerate  is  placed  by  Winchell  as 
Upper  Slate  conglomerate.  The  observations  of  Pumpelly  and  myseli 
at  a  contact  between  the  limestone  formation  and  the  Upper  Slate  con- 
glomerate tend  to  confirm  WinchelPs  conclusion,  but  since  limestone 
fragments  are  plentiful  in  the  Upper  Slate  conglomerate,  we  place  the 
physical  break  just  above  this  lower  limestone,  i.  e.,  300  feet  higher 
than  indicated  by  Winchell. 

The  term  Original  Huronian  as  here  used  is  strictly  confined  to  the 
areas  first  described  by  Logan  and  Murray  on  the  north  shore  of  lake 
Huron,  and  in  1863  mapped  in  detail.  The  Original  Huronian  only  is 
here  compared  with  the  series  about  lake  Superior  because  it  is  the 
area  to  which  the  term  was  first  applied,  and  also  because  it  has  been 
more  thoroughly  described  and  mapped  than  any  other  area  in  Canada 
designated  by  the  term  Huronian.  A  careful  field  and  laboratory  study 
of  the  rocks  of  the  Original  Huronian  has  shown  its  upper  series  to  con- 
sist in  great  part  (1)  of  fragmental  quartzites,  the  induration  of  which 
has  been  caused  by  deposition  of  interstitial  silica;  (2)  of  graywackes 
and  graywacke  slates  (often  conglomeratic — Logan's  Upper  Slate  con- 
glomerate), the  induration  of  which  is  due  to  the  deposition  of  intersti- 
tial silica  and  metasomatic  changes  in  the  feldspar;  (3)  of  cherty  lime- 
stones, and  (I)  of  eruptives.  The  Lower  Huronian  series  is  more  meta- 
morphosed than  the  Upper. 

In  its  readily  recognized  fragmental  character  and  in  its  gentle  fold- 
ing the  upper  Original  Huronian  series,  i.  e.,  the  upper  13,000  feet,  is 
closely  analogous  to  thePenokee,  Upper  Marquette,  and  Animikie,  while 
the  Lower  Huronian  may  be  compared  with  the  Lower  Marquette  and 
Lower  Vermilion  iron  bearing  series.  In  the  order  of  succession  of 
formations  it  can  not  be  said  that  either  series  corresponds  very 
closely  with  the  series  about  lake  Superior,  to  which  they  are  com- 
pared. 

It  seems  to  us  that  in  correlation  the  unmetamorphosed  character  of 
the  Upper  Huronian  is  a  guide  of  some  importance.  As  pointed  out  by 
McKellar,  the  intense  folding  to  which  the  Vermilion  lake  and  Kami- 
nistiquia  series  have  been  subjected  must  have  preceded  the  much 
more  gentle  synclinal  movement  which  formed  the  basin  of  lake  Snpe 
rior.  That  no  violent  dynamic  movement  has  occurred  since  the  begin- 
ning of  Animikie  time  is  known  to  be  true  of  the  lake  Superior  basin, 
and  it  seems  exceedingly  probable  that  the  gently  folded  upper  mem- 
bers of  lake  Huron  belong  with  those  of  like  character  about  lake 
Superior.  If  this  is  not  the  case,  the  intense  dynamic  movements 
which  produced  the  closely  folded  rocks  of  northeastern  Minnesota  and 
Ontario  lost  their  force  before  reaching  the  area  about  lake  Huron,  and 
this\  "egion  must  have  escaped  any  serious  folding  for  a  longer  time  than 
auyl  »ther  closely  studied  part  of  the  earth's  crust. 
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Besides  the  reason  already  mentioned  for  placing  the  upper  Original 
Huronian  as  the  equivalent  of  the  Animikie  and  Upper  Marquette  rather 
than  below  these  series,  as  advocated  by  certain  geologists,  we  have  one 
characteristic  feature  already  ei ted  which  is  of  some  weight.  One  of  the 
most  peculiar  rocks  of  the  Upper  Original  Huronian  is  a  conglomerate 
which  carries  numerous  fragments  of  blood-red  jasper.  At  present  the 
source  of  these  fragments  is  unknown  unless  they  come  from  the  iron- 
bearing  formation  of  the  Lower  Huronian.  From  what  has  gone  before 
it  is  apparent  that  a  jasper  conglomerate  is  the  basal  member  of  the 
Upper  Marquette  series,  and  also  that  similar  conglomerates  occur  in  a 
like  position  in  Ontario  and  northeastern  Minnesota.  Considering  the 
widespread  character  of  this  jaspery,  cherty,  and  iron-ore  conglomer- 
ate, its  occurrence  in  the  Upper  Huronian  of  lake  Huron  suggests  that 
this  jasper  may  there  be  found  in  the  future  in  the  Lower  Huronian  in 
large  quantity.  This  series  would  therefore,  in  position  and  in  litholog- 
ical  character,  be  like  the  Lower  Vermilion  and  Lower  Marquette  iron- 
bearing  series.  The  existence  of  such  a  jasper-bearing  series  was 
inferred  by  Logan  himself.  Taking  the  Original  Huronian  north  of 
lake  Huron  as  a  whole,  if  WinchelPs  general  conclusion  that  it  con- 
sists of  two  unconformable  series  be  correct,  the  analogy  between  this 
district  and  the  lake  Superior  region  is  complete.  Above  the  funda- 
mental complex  and  below  the  Keweenawan,  as  about  lake  Superior, 
are  two  discordant  scries. 

EQUIVALENTS   OF   THE    SIOUX    QUARTZITES,    ST.    LOUIS   SLATES,    ETC. 

Much  of  what  has  been  said  to  show  that  the  Upper  Huronian  series 
is  the  equivalent  of  the  Animikie,  Upper  Vermilion,  and  Upper  Mai 
quette  applies  with  equal  force  to  such  rock  series  as  the  Chippewa 
quartzites,  the  Baraboo  quartzites,  the  Sioux  quartzites  and  the  St. 
Louis  slates.  None  of  these  series  are  closely  folded,  although  often 
dynamic  movements  have  developed  slaty  cleavages.  Also  their  orig- 
inal fragmental  character  is  always  seen  under  the  microscope  at  a 
glance.  Between  these  series  and  the  Potsdam  is  a  great  unconform- 
ity. They  present  thick  beds  of  fragmental  rocks,  the  induration  of 
which  has  been  caused  by  the  same  process  which  vitrified  the  quartz- 
ites of  the  upper  Original  Huronian.  The  supposed  absence  of  ferrugi- 
nous rocks  in  these  districts  has  been  used  in  the  past  as  an  argument 
against  the  correlation  of  them  with  the  Penokee  and  Animikie  series 
below  considered,  but  this  absence  has  no  particular  weight  because 
such  beds,  as  compared  with  the  mechanical  sediments,  are  insignificant 
in  amount;  and  further,  it  is  quite  possible  that  these  formations  may 
in  the  future  be  found  in  several  or  all  of  these  districts.  This  proba- 
ability  is  rendered  greater  by  recently  developed  ferruginous  beds 
between  the  two  quartzite  ranges  of  Baraboo  and  in  the  northward 
extension  of  the  St. 'Louis  slates.  The  rocks  here  found  are  the  exact 
parallel  of  the  iron-bearing  beds  of  the  Penokee  and  other  iron-bearing 
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districts.  The  percentage  of  iron  is  so  great  in  certain  localities  that 
the  material  is  tyeing  mined  for  an  ore.  For  placing  these  rock  series 
with  the  Keweenawan,  as  has  sometimes  been  done,  there  is  neither 
lithological  nor  structural  grounds.  In  the  character  of  the  material  of 
which  they  are  composed,  in  the  presence  of  iron  formations  in  certain 
localities  and  in  their  induration,  they  differ  profoundly  from  any  of 
the  rocks  known  to  belong  with  the  Keweenawan. 

No  one  has  placed  these  series  lower  in  the  geological  column  than 
Upper  Huronian,  so  perhaps  it  is  not  necessary  to  give  evidence  that 
they  are  not  Lower  Huronian.  The  occurrence  of  chert  and  jasper 
fragments  in  the  ChippeAva  quartzites,  mentioned  by  Sweet,  and  the 
presence  of  abundant  identical  material  in  the  quartzites  of  southern 
Minnesota  and  southeastern  Dakota,  at  least  show  that  before  the  for- 
mation of  these  series  there  was  a  prior  series  bearing  chert  and  jasper. 
Such  a  series  is  the  Lower  Huronian.  These  series  then  in  degree  of 
induration,  amount  of  folding  and  in  lithological  character  are  like  the 
Upper  Huronian. 

SUCCESSION  AND  EQUIVALENTS  OF  THE    PENOKEE  AND  ANIMIKIE    DISTRICTS    SE1UES. 

In  the  Penokee  district  of  Michigan  and  Wisconsin  is  the  following 
succession:  At  the  base  is  a  granite-gneiss-schist  complex.  The  schists 
are  always  completely  crystalline,  although  often  finely  laminated  or 
foliated.  The  granites,  with  granite-gneisses,  and  the  hue  grained  green 
hornblende-schists,  mica-schists,  and  chlorite-schists  occupy  large  sep- 
arate areas,  with  a  debatable  ground  along  their  borders.  The  contacts 
of  the  granites  and  granite-gneisses  with  the  crystalline  schists  are 
eruptive  ones,  the  former  being  clearly  the  intrusives.  Above  this  com- 
plex, and  separated  from  it  by  a  great  unconformity,  is  a  Cherty  Lime- 
stone member  which  in  places  is  300  feet  thick.  While  it  extends  east 
and  west  many  miles,  it  is  not  longitudinally  continuous.  Above  this 
Cherty  Limestone,  separated  by  an  unconformity,  is  the  Penokee  series 
proper,  which  consists  of  a  Quartz-Slate  member,  the  upper  horizon  of 
which  is  a  vitreous  quartette,  an  Iron-bearing  member,  and  an  Upper 
Slate  member.  Above  the  Penokee  series,  separated  by  another  very 
considerable  unconformity,  is  the  Keweenawan.  The  parallelism  be- 
tween this  district  and  the  Marquette  already  described  is  at  once  man 
ifest.  The  Penokee  series  proper  is  the  equivalent  of  the  Upper  Origi- 
nal Huronian,  Upper  Marquette  and  their  equivalents;  the  Cherty 
Limestone  member  stands  as  the  only  known  equivalent  of  the  Lower 
Marquette;  for  in  the  Penokee  district  the  upper  members  of  the  equiv- 
alent of  the  Lower  Marquette  have  not  been  found  or  have  been  removed 
by  erosion.  That  the  latter  is  not  improbable  is  indicated  by  the  very  con 
siderable  thickness  in  some  places  of  the  cherty  limestone  and  its  ab- 
sent ,  in  others,  while  numerous  fragments  of  it  are  found  in  the  basal 
men  >er  of  the  Penokee  series  proper.  These  fragments  are  so  abun- 
dai?'/  in  places  as  to  constitute  a  true  basal  conglomerate.     They  are  well 


188        PRE-CAMBRIAN  KOCKS  OK  NORTH  AMERICA.     [bull.-86: 

rolled  and  are  mostly  of  chert,  but  arc  sometimes  jasper;  This  chert  and 
jasper,  whatever  their  origin,  were  in  their  present  -condition  before 
the  deposition  of  the  Penokee  series  proper. 

Further,  the  relative  geographical  positions  of  the  Penokee,  the 
Upper  Marquette,  and  the  Chippewa  quartzite  districts  are  such  as  to 
strongly  suggest  that  they  were  once  connected.  The  Penokee  series 
at  the  east  is  cut  off  by  the  unconformable  overlying  lake  Superior 
sandstone:  but  east  of  the  south  end  of  Gogebic  lake  there  are  here 
and  there  outcrops  of  slate  which  are  like  the  Upper  Slate  member  of 
the  Penokee  district,  and  a  short  distance  to  the  east  the  narrow  belt 
spreads  out  into  the  broad  area  of  upper  fragmental  rocks,  of  which 
the  Marquette  and  Menominee  districts  are  arms.  At  the  west  the 
Penokee  series  has  been  entirely  swept  away  by  erosion,  the  copper- 
bearing  rocks  coming  in  contact  with  the  underlying  gneisses  and 
granites;  but  to  the  southwest  ward  appear  the  fragmental  quartzites 
of  the  Chippewa  valley,  which  are  believed  to  be  its  continuation. 

The  equivalency  of  the  Penokee  series  with  the  Animikie  is  as  plain 
as  the  equivalency  of  any  two  areas  of  detached  rocks  in  a  single  geo- 
logical basin  can  possibly  be  in  which  is  lacking  clear  paleontological 
evidence.  It  has  been  seen  that  above  the  cherty  limestone  of  the  Pen- 
okee series  is  an  erosion  interval.  In  the  Animikie  series  proper  we 
know  of  no  equivalent  to  this  member,  and  in  what  follows  it  is  excluded 
from  the  discussion.  The  Penokee  and  the  Animikie  rocks  have  a  par- 
allelism in  lithological  characters  which  is  most  remarkable.  Not  only 
is  there  a  general  likeness  between  the  specimens  from  the  two  regions, 
but  almost-  every  phase  of  rock  from  the  Animikie  series  can  be  matched 
by  specimens  from  the  Penokee  series.  In  the  Animikie  district  the 
formations  underlying  the  iron-bearing  belt  are  not  extensively  exposed, 
and  consequently  little  is  known  of  the  Animikie  equivalent  of  the 
Quartz- Slate  of  the  Penokee  series.  But  along  the  Lower  Current 
river,  near  port  Arthur,  Ontario,  quartz-slates  underlying  the  iron- 
bearing  member  are  found  which  resemble  certain  phases  of  the  Peno- 
kee quartz  slate.  Beginning  with  the  iron  formations,  the  parallelism 
between  the  two  series  is  almost  exact.  The  irony  beds  upon  Gunflint 
lake,  where  are  found  the  best  known  exposures  of  the  formation,  are 
in  their  lower  parts  jasper,  magnetite-actinolite-schist,  and  cherty  ferru- 
ginous rocks  containing  more  or  less  iron  carbonate.  Higher  up  are 
thick  layers  of  thinly  bedded  cherty  iron  carbonate.  All  these  varie- 
ties of  rock  are  found  in  the  iron  formation  of  the  Penokee  series,  and 
at  many  places  the  order  of  succession  is  the  same.  Above  the  iron- 
bearing  belt  in  both  districts  is  a  great  thickness  of  fragmental  clay- 
slates  and  graywacke-slates  which  are  again  practically  identical  in 
character  in  both  districts.  It  is  true  that  in  the  western  part  of  the 
Penokee  district  mica-schists  have  developed  from  these  slates,  but  the 
original  condition  of  these  rocks  was  essentially  like  that  of  the  unal- 
tered phases. 
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Underlying  both  the  Animikie  and  Penokee  series  is  a  complex  of 
granites  and  schists,  the  unconformity  between  which  and  these  series 
is  of  the  most  pronounced  character.  That  the  Animikie  series  istluis 
separated  from  the  underlying  rocks  has  been  seen  by  all  who  have 
studied  it.  Above  both  series  follows  the  Keweenawan.  In  both  dis- 
tricts, in  passing  at  any  place  from  the  underlying  rocks  to  the  Kewee- 
naw series  in  section,  the  two  are  in  apparent  conformity;  but,  when 
the  lines  of  contacts  between  the  iron-bearing  and  the  Keweenaw 
series  are  followed  for  some  distance,  both  with  the  Animikie  and 
Penokee  series,  this  apparent  conformity  is  found  to  be  illusory.  That 
is,  the  Keweenaw  series  is  found  to  come  in  contact  with  one  member  of 
the  underlying  series  atone  place  and  with  another  member  at  another 
place,  until  in  both  districts  at  one  or  more  places  the  entire  iron-bearing 
series  is  cut  off,  the  basal  Keweenaw  rocks  coming  directly  in  contact 
with  the  fundamental  complex.  These  relations  mean  that  between 
the  deposition  of  the  Penokee  and  Animikie  series  and  the  outflows  of 
Keweenaw  time  there  intervened  a  period  of  erosion  which  was  suffi- 
cient in  places  to  remove  the  whole  of  the  inferior  series  and  to  cut 
in  some  places  quite  deeply  into  the  fundamental  complex.  There  is 
then  an  immense  time  gap  between  these  series  and  the  Keweenawan, 
although  this  unconformity  does  not  approach  in  the  length  of  time  in- 
volved to  that  separating  the  Animikie  and  Penokee  series  from  the 
underlying  schists  and  granites. 

The  Animikie  series  in  its  most  typical  development  extends  from 
Gunflint  lake  on  the  national  boundary,  between  Minnesota  and  Ontario, 
to  Thunder  bay,  lake  Superior.  The  Penokee  series  lies  upon  the  oppo- 
site side  of  lake  Superior.  The  latter  is  a  simple  unfolded  succession 
dipping  to  the  northward  under  the  lake;  the  Animikie  is  another  such 
succession  dipping  to  the  southward  under  the  same  body  of  water. 
There  is  then  little  doubt,  considering  all  the  facts,  that  the  two  series 
represent  a  single  period  in  the  history  of  the  synclinal  trough  which 
forms  the  basin  of  lake  Superior.  The  relations  and  likeness  of  the 
Penokee  and  the  Animikie  series  have  been  repeated  at  length  as  show- 
ing the  breadth  of  the  geological  basin  in  which  the  deposition  of  like 
rocks  was  taking  place  simultaneously.  The  equivalency  here  shown 
is  a  long  step  in  understanding  the  equivalency  of  other  rocks  in  the 
lake  Superior  basin. 

SUCCESSION   ANlKEtji;i\  ALENTS    <>F   THE   MARQUETTE    DISTRICT   SERIES. 

In  the  Marquette  district,  as  the  succession  has  already  been  dis 
cussed,  it  need  here  be  only  briefly  repeated.     It  is  as  follows:  At  the 
base  is  the  Archean  gneiss-granite-schist  complex.     In  ascending  order 
follow  Che  Lower  and  Upper  Marquette,  having  the  litliological  charac- 
ters aj  J  relations  above  described. 

MiMh  work  remains  to  be  done  in  this  district  which  has  been  stud- 
ied sf  closely.     From  present  knowledge  it  is  not  even  definitely  known 
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whether  certain  of  the  iron  ranges,  as  for  instance  that  of  Teal  lake,  are 
Upper  or  Lower  Marquette,  although  it  is  very  probable  that  the  one 
mentioned  belongs  to  the  Upper.  Also  it  is  a  serious  question  what 
part  of  the  green  schists  and  schist-conglomerates,  some  of  which  are  cut 
by  granite,  belong  in  the  Lower  Marquette  series.  Eecent  work  ap- 
pears to  indicate  that  much  if  not  all  of  this  surface  volcanic  material 
belongs  here,  although  it  can  not  be  asserted  that  surface  volcanic  ma- 
terial does  not  occur  with  the  green  schists  of  the  Archean. 

SUCCESSIONS    AND    EQUIVALENTS    OF   THE    MENOMINEE   AND    FELCH    MOUNTAIN    DIS- 
TRICTS   SERIES. 

Passing  now  to  the  Menominee  and  Felch  mountain  districts,  infor- 
mation is  less  exact.  It  is,  however,  clear  that  in  both  of  these  areas 
the  fundamental  complex  is  found;  that  is,  the  granites  and  gneisses 
associated  with  crystalline  schists  having  the  usual  eruptive  contacts. 
Above  this  complex,  Pumpelly,  with  whom  this  whole  subject  lias  been 
discussed  and  who  has  great  familiarity  Avith  the  entire  lake  Superior 
region,  suggests  as  exceedingly  probable  that  in  the  Felch  mountain 
iron-bearing  series  only  the  equivalent  of  the  Lower  Marquette  occurs, 
the  upper  series,  if  it  once  existed,  having  been  removed  by  erosion; 
while  in  the  Menominee  district  both  representatives  of  the  Lower  and 
LTpper  Marquette  are  present.  The  Menominee  proper — that  is,  that 
part  of  the  area  which  includes  the  Chapin,  Ludington,  and  Norway 
mines,  those  in  which  a  cherty  limestone  is  found — are  Lower  Mar- 
quette, while  the  western  district,  including  such  mines  as  the  Com- 
monwealth, Florence,  and  many  others  occurring  in  the  upper  black 
slate,  are  Upper  Marquette.  That  between  these  two  is  a  probable 
unconformity  has  already  been  shown. 

EQUIVALENTS    OF    THE    BLACK    RIVER    FALLS    SERIES. 

The  Black  river  falls  iron-bearing  schists  of  Wisconsin  have  not  such 
observable  structural  relations  as  to  enable  one  certainly  to  determine 
their  position.  They  are,  however,  thoroughly  crystalline  schists,  and 
are  in  vertical  attitude.  On  these  grounds  they  are  provisionally 
placed  as  the  equivalent  of  the  Lower  Marquette. 

SUCCESSION  AND  EQUIVALENTS  OF  WESTERN  ONTARIO  AND  NORTHEASTERN  MINNESOTA 

SERIES. 

Combining  the  work  of  Dawson  and  Lawson  about  Eainy  lake  and  the 
lake  of  the  Woods,  Smyth  about  Steep  Kock  lake,  the  Winchells  and 
Irving  in  northeastern  Minnesota,  the  succession  appears  to  be  granite 
gneiss  schist  (Ooutchiching  ?)  complex,  unconformity,  Keewatin,  uncon- 
formity, Aniniikie,  unconformity,  Keweenawan.  There  are  also  \u 
this  district  great  masses  of  granite-gneiss  at  least  as  late  as  the 
Keewatin.  Included  in  the  granite  gneiss  schist  basal  complex  are 
onby  such  granite-gneisses  as  arc  more  ancient  than  the  oldest  sedi- , 
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mentaries.  This  vast  area  has  been  too  little  studied  to  say  definitely 
what  part  of  the  areas  referred  to  Irvine's  mica-schist  group,  Winchell's 
Vermilion  series,  and  Lawson's  Ooutchiching  belongs  with  the  Basement 
Complex.  It  is  equally  difficult  to  say  whether  the  Keewatin  of  Law- 
son  and  Winchell  does  not  comprise  more  than  one  series.  It  is 
Lawson's  opinion  that  it  does  and  that  the  physical  break  described 
as  occurring  in  the  clastic  series  on  the  south  shore  exists  between 
the  Upper  and  Lower  Keewatin.  Our  knowledge  of  this  part  of  the 
lake  Superior  region  is  not  sufficiently  advanced  to  outline  with 
any  accuracy  the  areas  which  are  to  be  referred  to  these  main 
divisions.  It  is,  however,  tolerably  clear  that  in  this  part  of  the  region 
there  are  the  same  great  subdivisions  of  the  pre-Cambrian  rocks  as 
elsewhere;  that  a  part  of  what  has  ordinarily  been  called  Laurentian 
will  be  included  in  the  Basement  Complex;  that  a  part  of  Irving's  mica- 
schist  group,  Lawson's  Coutehiching,  and  the  Profs.  Winchell's  Vermil- 
ion also  falls  within  this  complex.  It  is  further  probable  that  a  part 
of  the  Keewatin  is  the  equivalent  of  the  Lower  Marquette,  Lower  Me- 
nominee, and  equivalent  series.  It  is  possible  that  other  parts  of  the 
series  which  have  been  designated  Keewatin  belong  rather  with  the 
Aniinikie.  If,  however,  the  break  at  the  base  of  the  Animikieis  higher 
than  that  above  the  Vermilion,  Hunter's  island,  and  Kaministiquia  iron- 
bearing  series,  aud  the  latter  break  belongs  within  the  Keewatin,  as 
now  known,  this  group  will  need  to  be  subdivided  into  two  series,  and 
the  succession  will  thus  be  expanded  at  this  point  into  Lower  Keewatin, 
unconformity,  and  Upper  Keewatin. 

NOMENCLATURE. 

There  still  remains  the  question  of  nomenclature,  In  Chapter  vm. 
the  major  taxonomy  of  the  prei-Cambrian  is  discussed  and  reasons 
are  given  for  including  under  the  term  Algonkian  all  the  pie- 
Cambrian  elastics,  for  confining  the  term  Archean  to  the  inferior  crys- 
talline complex,  for  restricting  the  term  Laurentian  to  the  coarser 
grained  light  colored  granite-gneiss  part  of  this  Complex,  and  for  pro- 
posing for  the  dark  colored  fine  grained  schistose  part  of  this  complex 
the  term  Mareniscan.  These  reasons  will  not  be  repeated  here,  but  the 
terms  with  these  definitions  will  be  applied  to  the  rock  successions  of 
different  districts  of  the  lake  Superior  region.  This  will  serve  to  illus- 
trate the  usage  of  these  terms  and  at  the  same  time  will  be  a  test  of 
the  propriety  of  the  usages  proposed,  since  the  lake  Superior  region  is 
the  one  in  America  about  which  most  has  been  written  and  which  fur- 
nishes   \e  fullest  pre-Cambrian  column. 

^Belof  ;'iag  to  the  Archean  onthesouth  shore  arethe  Southern  ( 'omplex 
of  the  U  3nokee  districts',  the  fundamental  complex  of  the  Marquette  and 

;  Menoipnee  districts,  andagreat  expanse  of  rocks  in  northern  Wisconsin. 
This  complex  is  more  largely  of  the  Laurentian   gneiss  than  of  the 

i  Mareniscan  schists.     Between  the  two  are  often  the  peculiar  gradations 
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described  which  are  taken  to  indicate  the  intrusive  character  of  the 
granite-gneiss.  Between  the  Archean  and  the  Algonkian,  as  indicated 
by  evidence  fully  given  in  another  place,  there  is  a  great  unconformity. 

On  the  north  shore  Smyth  finds  decisive  evidence  of  a  thoroughly 
crystalline  fundamental  complex  below  the  lowest  elastics  at  Steep  Rock 
lake.  As  has  been  seen,  evidence  pointing  in  this  same  direction  is  to 
be  found  in  the  reports  of  Logan,  Dawson  (Sir  William),  Selwyn,  Bell, 
Maefarlane,  Herrick,  and  Lawson,  although  several  of  these  authors  do 
not  reach  this  conclusion.  The  difficult  and  uncertain  point  in  this 
connection  is  in  reference  to  the  Goutehichirig  of  Lawson  or  the  Ver- 
milion of  Profs.  Winehell.  If,  as  believed  by  Lawson,  there  is  a  great 
time  break  between  the  Keewatin  and  Ooutchiching  and  if  the 
Ooutchiching  is  found  to  be  older  than  any  of  the  elastics,  it  belongs 
to  the  fundamental  complex  and  the  term  Ooutchiching  has  priority 
over  Marenisean,  proposed  for  the  dark  colored,  fine  grained  schistose 
part  of  the  Archean.  This  is  the  outcome  which  seems  to  the  writer, 
according  to  present  published  evidence,  to  be  most  likely;  but  it  must 
be  stated  that  this  impression  does  not  accord  with  Lawson' s  opinion, 
who  regards  the  Ooutchiching  as  a  sedimentary  series  more  nearly  con- 
nected with  the  Keewatin  than  with  the  Archean,  nor  with  the  Profs. 
Winehell,  who  regard  the  equivalent  Vermilion  as  but  a  more  meta- 
morphosed downward  extension  of  the  Keewatin. 

In  restricting  the  word  Laurentian  to  the  granite-gueiss  of  the 
Archean,  much  of  what  has  heretofore  been  denominated  Laurentian 
Avill  be  excluded.  This  usage  will  throw  out  all  of  the  granite-gneisses 
of  an  age  later  than  the  elastics,  and  therefore  much  of  the  granite- 
gneiss  which  Lawson  has  called  Laurentian.  It  must  be  recognized 
that  about  the  lake  Superior  region  there  are  granite-gneisses  of  vari- 
ous ages.  This  is  more  evident  in  the  main  granite-gneiss  areas  than 
elsewhere,  for  not  infrequently  intruding  them  are  other  large  bosses 
of  granite  or  gneiss,  which,  with  the  earlier  granite-gneiss,  may  have 
again  been  cut  by  still  later  material  of  the  same  kind.  It  is  believed 
by  some  that  there  are  in  the  lake  Superior  region  granite-gneisses  of  at 
at  least  four  different  ages.  It  will  not  do  to  conclude  that  any  certain 
granite-gneiss  is  Archean  unless  its  structural  relations  to  the  Algon- 
kian elastics  are  determined.  However,  the  granite-gneisses  which 
belong  to  the  Archean  on  the  south  shore  are  pegmatized  through  and 
through  and  banded  and  contorted  in  the  most  intricate  manner. 
Their  constituent  minerals  show  that  they  have  undergone  repeated 
dynamic  movements.  They  are  cut  by  eruptives  of  many  kinds  and  of 
different  ages.  Many  of  the  basic  eruptives  are  so  ancient  that  they 
themselves  have  become  schistose  and  have  passed  over  into  horn- 
blende-gneisses and  similar  rocks,  which  now  are  seen  as  dark  colored 
intersecting  or  parallel  layers  in  the  pink  granite-gneiss.  This  intri- 
cate complex  of  granite,  gneiss,  and  schist,  which  has  been  subjected 
to  repeated  dynamic  movements  in  various  directions,  is  very  different 
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from  the  somewhat  regular,  little  altered  granite- gneiss  which  acts  as 
a  subsequent  intrusive. 

The  early  Canadian  geologists  used  the  term  Huronian  to  cover  all  the 
fine  grained  schistose  and  clastic  rocks  between  the  Keweenaw  an  or  Up- 
per Copper-bearing  rocks  and  the  Laurentian.  The  same  is  true  of  many 
of  the  American  geologists.  It  is  clear  that  the  fine  grained  crystalline 
schists  which  constitute  a  part  of  the  Archean  can  not  here  be  included. 
Huronian  can  include  only  that  part  of  the  Algonkian  between  the  Ke- 
weenawan  and  Archean,  and,  as  has  been  seen,  this  Huronian  is  sep- 
arable into  two  uncomformable  series.  On  the  part  of  the  Canadian 
geologists  of  late  there  has  been  a  tendency  to  restrict  this  term  to  the 
lower  series,  as  shown  by  the  exclusion  of  the  Animikie  from  the  Hu- 
ronian, but  if  this  is  done  the  greater  part  of  the  Original  Huronian 
must  itself  be  excluded  from  the  Huronian.  Upon  the  other  hand,  Irv- 
ing and  the  Profs.  Winchell  have  advocated  restricting  Huronian  to  the 
upper  series  alone.  The  recognition  of  a  general  stratigraphical  break 
in  the  rocks  heretofore  included  by  most  authorities  in  the  Huronian 
leads  to  the  natural  suggestion  that  for  the  superior  division  Upper 
Huronian  shall  be  used,  and  for  the  inferior  Lower  Huronian.  The  fact 
that  it  has  been  recently  maintained  that  in  the  Original  Huronian  area 
itself  both  of  these  series  exist  but  renders  this  suggestion  more  ap- 
propriate. Further  in  favor  of  this  position  is  its  conservative  char- 
acter, although  it  is  recognized  that  the  rules  of  good  nomenclature 
point  rather  to  the  restriction  of  Huronian  to  the  upper  or  lower 
series.  If  restricted  to  one  it  should  clearly  be  the  upper,  for  it  is  cer- 
tain that  the  greater  part  of  sediments  of  the  Original  Huronian  mapped 
in  detail  here  belongs.  Hence,  as  advocated  by  Alex.  Winchell,  is 
placed  as  an  alternative  to  Lower  Huronian  in  the  following  tabulation 
Lawson's  term  Keewatin.  This  term  was  first  defined  to  cover  a  series 
of  elastics  with  some  crystalline  schists  about  the  lake  of  the  Woods.  It 
was  later  more  clearly  defined  and  restricted  to  the  unmistakable  elas- 
tics and  altered  volcanics  about  Eainy  lake.  By  the  Profs.  Winchell  it 
was  applied  to  the  Vermilion  lake  iron-bearing  series,  which  was  be- 
lieved by  them  to  be  the  equivalent  of  the  Eainy  lake  Keewatin.  In 
many  respects  the  greater  part  of  these  series  is  like  the  Lower  Mar- 
quette, Felch  mountain,  Lower  Menominee,  Hunters  island,  and  Lower 
Kaministiquia  series.  If  this  supposed  equivalence  were  demonstrated 
it  would  be  preferable  to  adopt  this  term  to  cover  all  the  series  included 
under  t\  i  Lower  Huronian.  It  is,  however,  by  no  means  clear  that  the 
Keewat|  will  not  prove  to  be  a  complex  series,  just  as  have  the  Mar- 
quette i ;  nd  Vermilion  lake  rocks,  consequently  it  is  only  tentatively 
placed f  n  the  general  column.  One  other  term  has  been  proposed  for 
this  place,  Marquettian ;  but  this  term  is  objectionable  because  as  used 
it  included  both  Upper  and  Lower  Marquette. 

Lawson  has  proposed  the  term  Ontarian  to  cover  the  Keewatin  and 
Coutchiching,  It  appears  to  us  that  the  purposes  of  geology  are  bet- 
Bull.  86 13 
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ter  subserved  by  using  the  term  Algonkian  to  coverall  the  clastic 
series  between  the  Fundamental  Complex  and  Cambrian,  and  to  retain 
Archean  as  a  term  of  coordinate  value  with  this  to  cover  the  basal  com- 
plex. If  it  shall  turn  out  that  the  writer  is  correct  as  to  the  position 
of  the  Coutchiching,  the  base  of  the  Lower  Huronian,  not  the  base  of 
the  Coutchiching,  is  the  important  horizon  to  mark.  More  evidence  is 
desirable  for  the  application  of  strati  graphical  methods  to  the  promi- 
nent structure  of  the  Coutchiching,  since,  in  many  respects  this  struc- 
ture has  the  characters  of  an  induced  one.  Lawson  recognizes  a  true 
physical  break  at  the  base  of  the  Keewatin,  not  at  the  base  of  the 
Coutchiching.  The  break  between  the  Coutchiching  and  the  granite- 
gneiss  is  one  which  is  also  found  between  the  granite-gneiss  and  Kee- 
watin. It  is  not  a  structural  horizon,  but  an  eruptive  contact.  Upon 
the  other  hand,  a  great  mass  of  evidence  goes  to  show  that  there  is  at 
the  base  of  the  Keewatin  a  persistent  structural  plane  which  is  recog- 
nizable throughout  the  lake  Superior  region. 

Selwyn  and  N.  H.  Winchell  maintain  that  the  Keweenawan  and 
Animikie  are  properly  Cambrian.  Whether  the  term  Cambrian  shall 
be  so  extended  downward  as  to  cover  two  great  unconformities  and 
two  additional  rock  series  of  very  great  thickness  is  purely  a  matter  off 
policy  and  of  nomenclature,  which  is  more  fully  discussed  in  another 
place.  While  it  is  of  primary  importance  that  an  agreement  shall  be 
reached  as  to  the  actual  rock  successions  in  the  lake  Superior  region, 
it  is  but  a  secondary  matter  as  to  the  names  which  shall  be  applied  to 
them.  That  fossils  are  found  in  the  Huronian  is  not  sufficient  reason 
for  extending  the  Cambrian  downward  indefinitely.  That  the  evi- 
dences of  abundant  life  are  here  found,  has  been  long  known.  Many 
of  the  thick  beds  of  slates  heretofore  called  Huronian,  on  the  south 
shore  of  lake  Superior,  not  only  contain  graphitic  material,  but  a  con- 
siderable percentage  of  hydrocarbons,  not  infrequently  becoming  graph- 
itic or  carbonaceous  schists.  In  the  Animikie,  on  the  north  shore  of 
lake  Superior,  Ingall  finds  abundant  carbon,  and.  it  is  said  that  in 
certain  mines  and.  openings  rock  gas  forms  in  considerable  amount. 
Also  small  quantities  of  rock  may  even  be  obtained  which  will  burn,  j 
These  substances  must  result  from  the  ordinary  processes  which  pro- 
duced rock  gas  and  coal  in. the  rocks  of  far  later  age.  Also  the  great 
beds  of  iron  carbonate  are,  to  many,  evidence  of  abundant  life.  In  the 
Sioux  quartzites  one  generally  accepted  fossil  has  been  discovered  by 
IS".  H.  Winchell.  A  discovery  of  a  fossil  has  been  announced  by  Selwyn 
as  occurring  in  the  Animikie.  It  is  a  hope  that  in  the  future  numerous 
other  fossils  will  be  found  in  this  series,  so  that  we  may  have  the  assist- 
ance of  paleontology  in  lake  Superior  stratigraphy.  Until,  however, 
a  fauna  is  known  in  these  regions  which  is  distinctly  Cambrian,  the 
discovery  of  life  or  of  certain  fossils  in  the  Keweenawan  and  Huronian 
rocks  is  wholly  insufficient  evidence  for  placing  them  with  the  Cambrian 

We  then  have  in  the  lake  Superior  region  the  following  successions- 
and  correlations  for  the  pre-Cambrian  rocks: 
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LAKE   SUPERIOR  BASIN. 

The  synclinal  structure  of  the  formations  about  lake  Superior  was 
noted  as  early  as  1847  by  Logan  in  his  remarkably  accurate  general 
account  of  the  lake  Superior  region.  His  five  general  formations  were 
found  to  recur  in  reverse  order  on  both  sides  of  the  lake,  dipping  to  the 
ceuter.  Rogers  and  Agassiz,  in  1848  and  1850,  maintained  that  the 
shores  of  the  lake  are  due  to  dikes.  Owen,  in  1851,  in  his  studies  north 
and  south  of  the  west  part  of  the  lake,  saw  that  the  formations  occur 
in  reverse  order,  and  reached  independently  the  same  conclusion  as  did 
Logan.  Bigsby  and  Whitney  followed  Logan  and  Owen  in  describing 
the  lake  Superior  basin  as  synclinal.  The  next  exact  contributions  to 
the  structure  of  the  lake  Superior  synclinal  .were  by  Swee£  and  Irving, 
who  found  it  to  continue  to  the  southwestward  in  Wisconsin  and  Min- 
nesota, the  rocks  adjacent  to  the  shore  on  the  south  side  of  the  west 
end  of  the  lake  being  on  the  north  side  of  the  synclinal  basin.  Sweet, 
in  1876,  spoke  of  the  lake  Superior  synclinal  as  over  300  miles  in  length 
and  30  to  50  miles  in  width.  That  the  lake  Superior  formations  are 
not  only  a  synclinal  in  an  east  and  west  direction,  the  rocks  dipping 
respectively  from  the  north  shore  south  and  the  soutn  shore  north,  but 
that  it  is  a  basin  in  the  exact  sense  of  the  term,  the  rocks  on  the  east 
shore  dipping  to  the  west,  while  the  western  termination  of  the  synclinal 
in  Minnesota  plunges  to  the  east  or  northeast,  was  shown  by  Irving. 
This  author  went  further  and  also  showed  that  the  major  bays  of  the 
lake  are  due  either  to  faults  or  subordinate  flexures  within  the  Kewee- 
nawan.  The  basin  is  clearly  a  product  of  Keweenawan  time.  Chamber- 
lin  suggests  that  it  began  early  in  the  Keweenawan.  The  Upper 
Huronian  series  partakes  in  several  districts  in  large  measure  of  the 
basin  structure.  This  is  apparent  from  the  fact  that  the  Huronian  of 
the  Penokee  and  Animikie  series  was  so  long  regarded  as  conformable 
with  the  Keweenawan.  It  has  been  seen  that  there  is  between  these 
series  a  great  unconformity,  although  not  one  so  vast  as  the  other 
physical  breaks  about  the  lake.  As  a  consequence  of  this  the  Upper 
Huronian  series  corresponds  only  locally  with  the  synclinal  structure, 
and  chiefly  about  the  west  half  of  the  lake.  The  structures  of  the  Lower 
Huronian  and  Archean  have  no  reference  to  that  of  the  lake  Superior 
basin. 

CONCLUSION. 

It  appears  that  in  the  lake  Superior  region  is  a  general  succession 
which  may  be  recognized,  and  that  there  is  really  a  much  greater 
degree  of  harmony  than  has  been  thought  in  the  conclusions  which  the 
various  writers  have  held  most  steadfastly  as  to  the  lake  Superior 
stratigraphy.  From  the  base  upward  it  is  as  follows :  Archean,  includ- 
ing Laurentian  granite  and  gneiss,  the  origin  of  which  is  largely  un- 
known, but  which  were  certainly  in  their  present  condition  earlier  than 
the  formation  of  the  Lower  Huronian ;  unconformity;  Lower  Huronian 
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(a  closely  folded  seniicrystalline  series);  unconformity;  Upper  Huro- 
nian  (a  gently  folded  and  plainly  clastic  series,  although  indurated 
by  cementation  and  metasomatic  changes);  unconformity;  completely 
unaltered  Keweenawan;  unconformity;  lake  Superior  sandstone.  In 
addition  to  the  above  are  great  masses  of  eruptive  rocks  in  all  the  series, 
both  basic  and  acidic,  including  granite-gneiss,  gabbro,  porphyry,  dia- 
base, etc. 

I  can  not  close  without  comparing  this  succession  of  lake  Superior 
formations  with  that  given  by  Logan  in  his  remarkable  paper  published 
in  1847.  It  is  as  follows:  u  (1)  Granite  and  syenite;  (2)  gneiss;  (3) 
chloritic  and  partially  talcose  and  conglomeratic  slates;  (4)  bluish 
slates  or  shales  interstratified  with  trap;  (5)  sandstones,  limestones, 
indurated  marls,  and  conglomerates,  interstratified  with  trap."  Be- 
tween 1,  2,  3,  and  4,  5  there  was  said  to  be  an  unconformity.  The 
granite,  syenite,  and  gneiss  are  Archean ;  the  chloritic  and  partly  tal- 
cose and  conglomeratic  slates,  Lower  Huronian ;  the  bluish  slates  or 
shales  interstratified  with  trap,  Upper  Huronian ;  and  the  sandstones, 
limestones,  indurated  marls,  and  conglomerates  interstratified  with 
trap,  Keweenawan.  Of  course,  Logan  at  that  time  did  not  appreciate 
all  the  structural  relations  which  obtain  between  these  various  series, 
although  the  greatest  of  the  unconformities  was  discovered,  nor  did  he 
suppose  that  they  are  all  pre-Cambrian,  and  in  his  mapping  in  1863,  1 
and  2  are  placed  together  as  Lower  Lauren tian,  and  4  and  5  together  as 
a  part  of  the  Quebec  group  above  the  Potsdam;  yet  that  he  appreciated 
that  in  this  region  there  are  five  fundamentally  different  kinds  of  rock, 
that  he  gave  an  accurate  characterization  of  the  Keweenaw  series,  com- 
prehending that  it  is  one  of  great  thickness,  not  less  than  10,000  or 
12,000  feet,  and  that  this  series  rests  unconformably  upon  the  granite 
and  gneiss,  can  not  be  too  highly  spoken  of.  Not  only  was  this  paper 
the  first  announcement  of  all  of  the  above  great  conclusions,  but  it  gave 
the  first  mention,  as  has  been  seen,  of  the  synclinal  structure  of  lake 
Superior. 

•Looking  toward  the  future  as  to  the  possible  modifications  of  this 
arrangement  by  further  work,  the  point  of  greatest  doubt  lies  as  to 
whether  the  unconformities  here  recognized  as  universal  in  the  lake- 
Superior  3gion  are  really  so.  Is  it  not  possible  that  the  unconformity 
at  the  baj  ,  of  the  Animikie  is  at  a  different  position  from  that  between 
the  Pen<j.!  .ee  proper  and  the  Oherty  Limestone,  and  may  not  these  be 
different  horizons  from  that  between  the  Upper  and  Lower  Marquette? 
May  not  the  break  above  the  Lower  Marquette  be  at  a  different  posi- 
tion from  that  above  the  Lower  Vermilion.  These  questions  can  not 
be  positively  answered  in  the  negative,  although  all  the  evidence  at 
hand  bears  strongly  in  this  direction.  It  may  be  found  in  the  lake 
Superior  basin,  so  extensive  in  area,  that  while  the  folding  and  erosion 
producing  an  unconformity  in  one  part  was  occurring,  at  some 
other  distant  part  deposition  was  going  on.     In  all  probability  this  is 
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to  some  extent  true.  That  the  rocks  in  the  different  districts  referred 
to  these  periods  have  the  same  absolute  duration  would  hardly  be  ex- 
pected. Sedimentation  in  the  series  correlated  probably  continued 
longer  in  certain  parts  of  the  region  than  in  others.  A  break  even  if 
as  widespread  as  believed  probably  did  not  begin  nor  end  everywhere 
at  the  same  time;  and  certainly  it  would  be  true,  after  a  certain  move- 
ment and  erosion  had  ended,  as  the  sea  began  to  encroach,  that  sedi- 
mentation would  begin  in  one  district  before  it  reached  another.  So 
that  if  these  correlations  are  correct  and  the  breaks  really  general,  as 
is  believed,  it  does  not  follow  that  the  periods  opened  or  closed  simul- 
taneously, but  that  they  stand  in  a  general  way  as  equivalent.  The 
equivalency  advocated  may  be  much  more  strongly  asserted  of  the  dis- 
tricts immediately  adjacent  to  lake  Superior  than  of  the  more  remote 
districts. 

The  further  question  arises,  whether  as  work  continues  new  breaks  of 
considerable  magnitude,  not  now  recognized,  will  be  found.  This  is  not 
improbable.  In  fact,  there  is  already  some  indication  of  such  a  break, 
although  not  now  capable  of  being  proved  at  any  point.  Does  the  series 
of  great  conglomerates  which  are  placed  at  the  base  of  the  Upper  Hu- 
ronian,  the  debris  being  derived  mostly  from  the  Lower  Huronian,  grade 
conformably  upward  into  the  Animikie,  or  is  there  here  a  considerable 
additional  break?  It  is  by  no  means  certain  that  the  truth  is  not  with 
the  latter  alternative,  for  the  conglomerates  certainly  seem  to  have  suf- 
fered more  intense  dynamic  action  than  the  adjacent  Animikie.  Their 
thickness  is  great,  and  it  may  well  be  that  in  the  Thunder  bay  district 
will  be  found  a  considerable  break  which  in  a  part  at  least  of  the  lake 
Superior  region  will  subdivide  the  Upper  Huronian. 

Also  as  a  problem  for  the  future  is  the  real  nature  of  the  Archean 
schists.  Are  they  clastic  or  igneous  in  origin?  Are  they,  as  has  been 
supposed,  a  real  fundamental  complex,  or  will  this  be  subdivided  upon 
a  structural  basis?  A  few  years  ago  all  below  the  pre-Cambrian  was  a 
fundamental  complex.  Will  not  the  future  find  our  present  funda. 
mental  complex  further  divisible  and  the  real  fundamental  complex  at 
a  still  lower  horizon? 

Accepting  the  general  stratigraphy  as  given  above,  how  far  will  it  be 
possible  to  correlate  the  individual  formations  of  the  series?  How  far 
are  the  Quartz- Slate  member,  the  Iron-bearing  member,  and  the  Up- 
per Slate  member  of  the  Penokee  series  equivalent  to  those  of  the  Ani- 
mikie? When,  as  in  this  case,  three  like  formations  of  great  thickness 
are  found  in  the  same  order,  and  the  two  series  as  wholes  bear  identical 
relations  to  underlying  and  overlying  series,  the  correlation  may  per- 
haps be  made  with  a  considerable  degree  of  probability,  and  later  closer 
work  rather  leads  to  the  conclusion  that  much  will  be  accomplished  in 
the  direction  of  correlating  formations ;  that  is,  several  of  the  series  may 
be  divided  into  two  or  three  or  more  members,  which  may  with  a  con- 
siderable degree  of  probability  be  correlated  with  equivalent  members 
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in  other  districts,  but  that  it  will  be  possible  to  subdivide  these  various 
series  into  fifteen  or  twenty  or  more  members,  as  was  done  by  the  early 
authors,  and  to  correlate  these  small  divisions  with  each  other  through- 
out the  lake  Superior  region,  there  is  not  the  least  probability. 

While  perhaps  more  has  been  done  in  pre-Cambrian  stratigraphy  in 
the  lake  Superior  region  than  in  any  other  region  in  America,  this  very 
fact  opens  before  us  numerous  and  difficult  problems. 
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CHAPTER    III. 

THE  GREAT  NORTHERN  AREA. 

SECTION  I.   THE  REGION  ABOUT  HUDSON  BAY. 

LITERATURE. 

Bell,1  in  1877,  reports  on  explorations  between  James  bay  and  lakes 
Superior  and  Huron.  The  rocks  are  described  as  Huronian  on  the 
course  followed  until  the  north  side  of  Shatagami  lake  is  reached,  with 
the  reservation  that  the  gneiss  just  below  Paul's  lake  may  be  Lauren- 
tian.  In  this  distance  the  rocks  are  limestones,  quartzite,  diorite,  chert- 
slate-conglomerate,  hornblende-schist,  pegmatite,  syenite,  clay-slates, 
and,  at  Paul's  lake,  gneiss.  The  diorites  have  a  widespread  occurrence, 
and  an  area  of  massive  syenite  continues  for  several  miles  in  one  local, 
ity.  It  is  often  mixed  with  crystalline  diorite.  Beyond  Shatagami 
lake  are  several  alternations  of  rocks  which  are  referred  to  the  Huro- 
nian and  Laurentian  before  the  fossiliferous  series  is  reached.  The  con- 
spicuous feature  of  the  last  Laurentian  belts  are  large  diorite  dikes. 
The  junction  of  the  Laurentian  and  Huronian  occurs  at  Davis's  rapid, 
51  miles  north  of  the  outlet  of  lake  Kenohamissee. 

On  the  return  trip  the  course  followed  is  by  the  west  branch  of 
Moose  river,  along  toward  its  headwaters,  thence  to  Michipicoten  and 
lake  Superior.  The  rocks  are  chiefly  granite  and  syenite,  gneiss,  horn- 
blende-schists and  mica-schists  and  greenish  schists.  These  are  in  part 
referred  to  the  Huronian  and  in  part  to  the  Laurentian,  several  belts 
of  the  Huronian  being  found.  At  one  place  the  Huronian  is  spoken  of 
as  passing  into  the  Laurentian.  As  a  result  of  the  work  it  is  shown 
that  an  immense  area  of  Huronian  rocks  runs  northward  from  lake 
Huron  through  the  greater  part  of  the  distance  lying  between  it  and 
the  area  of  unaltered  rocks  of  the  southwest  side  of  James  bay. 

Bell,2  in  1879,  reports  on  explorations  of  the  east  coast  of  Hudson 
bay.  In  this  region  are  large  areas  of  gneisses  which  are  referred  to 
the  Laurentian,  and  belts  of  schists  referred  to  the  Huronian.  With 
the  Huronian  are  schist- conglomerates  and  quartzites.  At  the  contact 
of  the  Laurentian  and  Huronian,  the  former  consists  of  a  coarse  quartz 
and  mica  rock,  while  the  first  rock  which  is  considered  Huronian  is  a 
dark  green,  highly  crystalline  hornblende-schist.  The  two  formations 
appear  as  usual  to  be  conformable.  Along  Manitounuck  sound  is  an 
unaltered  stratified  series  in  which  no  fossils  were  found  and  which 
resemble  the  JSTipigon  rocks.    These  are  called  the  Manitounuck  group. 
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They  consist  mostly  of  siliceous  and  argillaceous  limestones,  sandstones, 
quartzites,  shales,  ironstones,  amygdaloids,  and  basalts.  At  Little 
Whale  river  is  a  quartz-conglomerate  of  great  thickness  below  these 
rocks.  The  limestones  are  found  at  many  localities  at  the  base  of  the 
series.  They  have  a  cherty  concretionary  and  concentric  structure. 
The  quartzites  and  sandstones  come  in  ascending  order.  Associated 
with  the  quartzites,  and  overlying  them,  is  a  series  of  cherts  and  shales. 
These  are  surmounted  by  a  great  thickness  of  amygdaloids  of  various 
kinds  and  of  diorites  of  a  basaltic  character.  At  Kichmond  gulf  the 
base  of  the  section  consists  of  sandstone  and  conglomerate,  above  which 
is  limestone  in  a  slightly  unconformable  position  and  all  is  caj)ped  by 
trap.  In  one  place  the  trap  rests  with  a  slight  unconformity  upon  fer- 
ruginous beds.  Spathic  iron  ore,  sometimes  of  considerable  thickness, 
is  sometimes  interstratified  with  the  sandstone. 

Bell,3  in  1879,  reports  on  the  country  between  lake  Winnipeg  and 
Hudson  bay.    The  rocks  along  the  route,  with  the  exception  of  one  Hu- 
ronian  trough,  are  described  as  Lauren tian  gneiss.     The  Huronian  rocks \ 
belong  in  one  basin  or  trough,  conforming  with  the  general  trend  of \ 
the  Laurentian  gneiss  and  mica-schist.     Its  breadth  is  about  14  miles 
and  its  length  143  miles,  giving  an  area  of  about  2,000  square  miles.     A] 
mica- schist  at  Pipestone  lake  contains  different  kinds  of  pebbles.    At] 
Seven-mile  point  the  rock  is  a  micaceous  slate- con  glomerate,  the  pebbles! 
of  which  are  chiefly  of  gray  syenite.    At  the  junction  of  the  Lauren  tian] 
and  Huronian  the  two  formations  appear  as  usual  to  be  conformable] 
with  each  other.     The  last  of  the  Laurentian  series  consists  of  gray] 
coarse,  rough- surfaced  quartz  and  mica  rock.     The  first  rock  on  what  isj 
considered  to  be  the  Huronian  side  of  the  boundary  consists  of  highly] 
crystalline  dark  green  hornblende-schist,  ribboned  with  fine  lines  ofj 
white  quartz  grains.     This  schist  is  interstratified  with  bands  of  finely 
ribboned,  slightly  calcareous  gray  gneiss. 

Bell,4  in  1880,  reports  on  explorations  of  the  Churchill  and  Nelson 
river  and  around  God's  and  Island  lakes.  The  Laurentian  gneiss  is  the : 
prevailing  rock  throughout  the  whole  district  between  Knee  and  Island ; 
lakes.  The  stratification,  while  moderately  distinct,  is  often  banded  and 
contorted.  Its  average  texture  is  of  a  medium  variety,  or  rather  tending 
to  fine  grain,  but  coarse  forms  are  occasionally  seen.  There  is  no  pre- 
vailing or  general  direction  in  the  strike  of  the  gneiss.  The  Huronian 
rocks  occupy  a  series  of  troughs  in  several  localities.  The  rocks  are 
schist-conglomerate,  sometimes  garnetiferous,  steatite- schists,  green 
schists  and  felsite  schists,  most  of  them  being  more  or  less  calcareous. 
The  Laurentian  gneiss  occupies  the  area  between  the  Huronian  troughs. 
The  strike  of  the  Laurentian  gneiss  in  the  neighborhood  of  the  Huro- 
nian rocks  appears  in  most  cases  to  correspond  with  that  of  the  latter. 

Bell,5  in  1881,  reports  on  Hudson  bay  and  some  of  the  lakes  and 
rivers  lying  to  the  west  of  it.  Various  gneisses  and  schists  are  found 
at  different  points  which  are  referred  respectively  to  the  Laurentian  and 
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Huronian.  Hudson  bay  as  a  whole  lies  in  the  great  Laurentian  area 
of  the  Dominion.  The  long  chain  of  islands  which  fringe  the  east  coast 
are  composed  of  bedded  volcanic  and  almost  unaltered  sedimentary 
rocks,  resembling  the  Nipigon  series  of  lake  Superior,  which  may  be  of 
Lower  Cambrian  age.  On  the  western  side  of  the  bay,  from  the  Churchill 
river  northward,  quartzites  and  other  rocks  are  found  which  may  also 
belong  to  the  Cambrian  system.  Cambro- Silurian  rocks  rest  almost 
horizontally  upon  the  Laurentian  along  the  southwestern  side  of  the  bay. 

Bell,6  in  1883,  reports  upon  the  geology  of  the  basin  of  Moose  river 
and  adjacent  country.  The  boundaries  of  the  Laurentian  and  Huro- 
nian formations  appear  to  be  conformable  to  each  other.  Massive 
granites  occur  abundantly  with  the  Laurentian  gneisses  and  Huronian 
schists.  The  granites  generally  lie  close  to  the  junction  of  the  Huro- 
nian and  Laurentian,  this  being  the  usual  position  of  these  granite 
areas  in  the  great  region  northward  of  lakes  Huron  and  Superior. 

Bell,7  in  1885,  describes  granite  and  gneiss  at  North  head,  Button 
islands,  Ungava  bay,  Nunaungok,  Ashe's  inlet,  Nottingham  and  Digges 
islands,  Stuparts  bay,  Eskimo  inlet,  port  DeBoucherville,  and  port 
Laperriere.  A  portion  of  the  west  coast  of  Hudson  bay  is  occupied 
with  diorites,  hornblende- schists  and  mica-schists,  which  may  be  re- 
ferred to  the  Huronian  series.  Deadman's  island  consists  of  white 
and  light-gray  quartzites,  and  glossy  mica-schists,  striking  north  75° 
west.  The  whole  of  the  western  part  of  Marble  island  consists  of  white 
and  light  colored  quartzite  bearing  a  strong  resemblance  to  white  and 
vein  marble.  The  beds  of  quartzite  are  very  massive,  although  their 
surfaces  are  often  ripple-marked,  being  sometimes  as  fine  and  regular 
as  the  fluting  on  a  washboard. 

B  ell,8  in  1885,  gives  a  general  characterization  of  the  geology  of 
Hudson  bay.  The  distribution  of  the  Huronian  series  is  intimately  con- 
nected with  that  of  the  Laurentian,  being  found  mostly  within  the 
limits  of  the  latter.  The  rocks  of  the  Huronian  system  appear  to  rest 
conformably  upon  the  Laurentian  in  all  cases  observed.  About  the 
mouth  of  Churchill  river,  on  the  west  side  of  the  bay,  and  for  some 
miles  along  the  coast,  are  found  massive  and  thinly  bedded  quartzites 
with  conglomerate  beds,  the  pebbles  being  mostly  of  white  quartz,  iu- 
terstratified  with  occasional  thin  shaly  layers.  These  strata  may  form 
a  part  of  the  Huronian  series,  but  they  also  resemble  the  gold-bearing 
rocks  of  Nova  Scotia.  On  the  Little  Whale  river  and  in  Richmond 
gulf  on  the  east  side  of  the  bay  another  set  of  rocks  is  found  following 
the  Huronian  and  underlying  unconformably  the  Nipigon  series.  This 
intermediate  formation  consists  of  beds  of  hard  red  siliceous  conglom- 
erate and  red  and  gray  sandstones,  with  some  red  shales,  and  appears 
to  have  a  considerable  volume.  The  Nipigon  formation  is  largely  de- 
veloped along  the  east  main  coast  of  Hudson  bay,  between  cape  Jones 
and  cape  Dufferin,  and  consists  of  compact,  nonfossiliferous,  bluish 
gray  limestones,  coarse  cherty  limestone  breccias,  quartzites,  shales, 
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diorites,  amygdaloids,  and  manganiferous  clay  ironstones.  The  lime- 
stones of  lake  Misstassini,  in  the  interior  of  the  Labrador  peninsula, 
bear  a  strong  resemblance  to  those  of  the  east  main  coast. 

Bell,9  in  1886,  gives  additional  observations  on  the  geology  of  Hud- 
son bay.  From  Eskimo  point  to  the  entrance  of  Chesterfield  inlet,  a 
distance  of  180  miles,  the  rock  specimens  embrace  hornblende-schists, 
greenstones,  sandstone  altered  to  quartzite  and  holding  fragments  of 
indurated  shale,  white  quartz  rock,  quartzite  like  that  of  Marble  island 
felsite,  crystalline  hornblende  rock,  diorite,  chert,  mica-schist,  porphyry, 
granulite,  red  jasper,  chloritic  schists,  etc.  The  majority  of  the  litho- 
logical  specimens  correspond  with  the  rocks  of  the  Huronian  series, 
Laurentian  types  are  absent,  and  the  probabilities  are  that  Huronian 
rocks  prevail  all  along  the  northwest  coast  of  Hudson  bay,  from  Eskimo 
point  to  Chesterfield  inlet,  and  again  at  Repulse  bay.  The  widely  ex- 
tended areas  of  massive  granitoid  character  about  Hudson  bay  are 
regarded  as  primitive  gneiss,  and  there  is  little  doubt  are  more  ancient 
than  the  regularly  stratified  gneisses  which  prevail  on  the  Ottawa  val- 
ley. The  Huronian  rocks  of  the  region  are  unlike  those  on  the  north 
shore  of  lake  Huron,  consisting  of  massive  diorites,  argillaceous  and 
dioritic  slate  conglomerates,  granite- syenites,  schistose  and  jaspery 
iron  ores,  limestones,  dolomites,  and  imperfect  gneisses,  with  a  great 
variety  of  schists.  The  Manitounuck  series  is  largely  made  up  of  rocks 
of  volcanic  origin. 

Bell,10  in  1887,  reports  on  explorations  of  portions  of  the  Attawa- 
pishkat  and  Albany  rivers.  Various  granites,  gneisses,  and  schists 
are  found  upon  Pelican  lake,  lake  St.  Joseph,  and  the  upper  sections 
of  Albany  and  Boulder  rivers,  and  lake  Lansdowne.  Upon  lake  St. 
Joseph  a  conglomerate  is  found.  The  granites  and  gneisses  are  placed 
with  the  Laurentian  and  the  schists  and  conglomerates  with  the  Hu- 
ronian. 

SUMMARY   OF   RESULTS. 

In  all  of  the,  above  works  by  Bell  the  rocks  are  classified  as  Lauren- 
tian or  Huronian  almost  wholly  upon  lithological  grounds,  the  coarse 
granites  and  granitoid  gneisses  being  regarded  as  Laurentian  and 
the  clearly  sedimentary  rocks  and  fine  grained  calcareous  gneisses 
and  various  green  schists  with  associated  rocks  being  placed  as  Hu- 
ronian. Whenever  the  relations  of  the  two  series  are  spoken  of  they 
are  said  to  be  in  conformity.  The  Huronian  is,  however,  frequently 
spoken  of  as  occurring  in  troughs,  which  probably  implies  that  this 
series  is  taken  to  be  the  newer  of  the  two ;  but  in  general  this  is  an 
inference  from  its  lithological  character  rather  than  a  determination 
from  an  ascending  succession.  The  dips  are  usually  high  and  no 
structure  is  worked  out,  so  that  from  the  facts  given  it  would  be  im- 
possible to  determine  which  is  higher  and  which  lower,  except  by  the 
implication  in  the  words  Huronian  and  Laurentian.    While  certain  of 
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the  rocks  placed  with  the  Huroirian  are  lithologically  like  those  of  the 
Original  Huronian,  Bell  distinctly  states  that  in  the  main  they  are  quite 
different.  The  likeness  apparently  goes  no  further  than  the  fact  that 
occasionally  there  are  found  unmistakable  clastic  rocks,  and  some  of 
these  elastics  resemble  more  closely  the  fragmentals  of  the  Ottawa 
series  than  they  do  those  of  the  Original  Huronian. 

The  Manitounuck  group  on  Hudson  bay,  which  is  described  as  re- 
sembling very  closely  the  Mpigon  series,  is,  from  the  illustrations,  a 
comparatively  flat-lying  one  and  is  probably  newer  than  either  of  the 
series  referred  to  the  Laurentian  or  Huronian.  At  least  two  uncon- 
formities are  mentioned  in  it,  one  between  two  sedimentary  rocks  and 
another  between  a  sedimentary  rock  and  a  trap.  These  unconformities 
are  spoken  of  as  slight,  but  the  cuts  illustrative  of  them  represent  the 
first  of  these  unconformities  as  very  considerable. 

SECTION  II.      NORTHERN   CANADA.* 

LITERATURE. 

Steinhauer,11  iii  1814,  gives  localities  for  labradorite  on  the  coast  of 
Labrador. 

McCulloch,12  in  1819,  describes  as  coming  from  Baffin  bay,  70°  37', 
granite,  gneiss,  and  graywacke-schist. 

Eichardson,13  in  1823,  describes  clay-slate  as  occurring  in  the  north- 
ern arm  of  Great  Slave  lake.  North  of  Great  Slave  lake  the  granite 
formation  continues  for  a  considerable  distance  toward  Fort  Enterprise, 
but  contains  more  foreign  beds  in  advancing  to  the  northward.  In  this 
region  in  places  mica-slate  prevails  and  in  other  places  the  granite  con- 
tains beds  of  mica-slate.  Gneiss  appears  to  exist  throughout  the  great 
district  to  the  eastward  of  Coppermine  river.  About  Fort  Enterprise 
are  numerous  hills  capped  by  red  granite,  around  which,  on  the  acclivi- 
ties, gneiss  is  wrapped  in  a  mantle  form.  The  rocks  of  this  district  in- 
clude granite,  micaceous  and  hornblendic  gneiss,  greenstone,  mica-slate, 
and  clay- slate.  At  Point  lake  are  found  graywacke-slate,  clay- slate, 
and  transition  greenstone  slate,  as  well  as  transition  conglomerate,  the 
fragments  of  which  appear  to  consist  of  the  same  material  with  the 
bases.  In  the  first  part  of  the  region  of  Coppermine  river,  between 
Point  lake  and  the  sea,  are  found  granite,  syenite,  gneiss,  clay- slates, 
and  hills  of  trap.  North  of  latitude  66°  45' 11"  are  found  red  and  gray 
sandstones,  compact  feldspar  rock,  granular  foliated  limestone,  trap 
rock,  and  greenstone  which  constitutes  the  Copper  mountains.  In 
these  mountains  are  amygdaloids  which  contain  amygdules  of  pistacite 
and  calc-spar,  scales  of  copper  being  generally  disseminated  through  the 

*  This  section  is  largely  compiled  from  Geo.  M.  Dawson's  account  of  this  region  accompanying  his 
geological  map  of  it.  With  a  number  of  exceptions  the  original  reports  have  not  been  seen.  This 
unusual  plan  is  here  adopted  because  Dawson's  summary  of  the  geological  material,  widely  scattered 
through  the  many  volumes  of  Arctic  travel,  is  so  complete  as  to  render  unnecessary  the  labor  of 
going  through  them  a  second  time. 


214    •  PRE-CAMBRIAN   ROCKS    OF   NORTH   AMERICA.  [bull.  86. 

rock.  In  tliis  region  were  also  found  masses  of  native  copper  and  preh- 
nite.  The  shores  of  Bathurst  inlet  are  partly  of  granite  and  gneiss  and 
partly  of  later  rocks.  On  the  road  from  Bathurst  inlet  to  Point  lake 
and  Fort  Enterprise,  beyond  Hood's  river,  the  rocks  are  entirely  gneissic 
or  granitic. 

Parry,14  in  1824,  found  granitic  and  gneissic  rocks  to  occupy  the 
whole  southern  part  of  the  east  shore  of  Melville  peninsula  and  to 
continue  northward  behind  a  tract  of  limestone  country,  forming  a 
range  of  mountains  in  the  center  of  the  peninsula  to  Hecla-and-Fury 
strait.  They  also  form  the  south  shore  of  this  strait,  most  of  the  islands 
adjacent  to  it,  and  apparently  the  whole  eastern  shore  of  the  adjacent 
south  part  of  Cockburn  "island." 

Koning,15  in  1824,  describes  the  most  characteristic  rock  collected  by 
Capt.  Parry  on  the  west  coast  of  Baffin  bay  as  gneiss  and  micaceous 
quartz  rock,  with  some  ambiguous  granitic  compound  in  which  horn- 
blende seems  to  enter  as  a  subordinate  ingredient. 

Lyon,16  in  1825,  describes  cape  Fullerton  on  the  main  shore  west  of 
Southampton  island  to  be  composed  of  rugged  red  and  gray  granitic 
rocks  with  the  strata  running  in  a  northwest  direction. 

Jameson,17  in  1826,  states  that  the  material  collected  by  Oapt.  Parry 
shows  that  the  west  coast  of  Davis  strait  and  Baffin  bay,  south  of 
Lancaster  sound,  consists  of  primitive  rocks,  among  which  are  gneiss, 
mica-slate,  horn  blende- si  ate,  granite  limestone,  hornblende-rock,  and 
greenstone.  All  these  rocks  are  more  or  less  distinctly  stratified  and 
numberless  transitions  from  one  into  the  other  were  observed. 

Richardson,18  in  1828,  describes  the  rocks  of  the  Coppermine  river 
series  as  extending  westward  to  the  Height  of  Land  and  consisting 
chiefly  of  sandstone  and  conglomerates  with  granite  and  porphyry. 
The  southeast  extremity  of  McTavish  bay  consists  of  red  granites  and 
gneisses.  At  the  mouth  of  Dease  river  and  the  northeast  extremity  of 
the  lake  the  prevailing  formation  is  granitic  and  gneissic.  On  mount 
Fitton,  along  the  Arctic  coast  west  of  the  Mackenzie  river,  the  moun- 
tain range  consists  of  gray  wacke  slates  which  are  considered  transition 
rocks. 

Leslie,  Jameson,  and  Murray  (Hugh),19  in  1830,  mention  in  the 
region  of  Southampton  island,  Melville  peninsula,  and  Hecla-and-Fury 
strait,  as  prominent  varieties  of  rock,  granite,  gneiss,  mica-slate,  clay- 
slate,  chlorite- slate,  primitive  trap,  serpentine,  limestone,  and  porphyry. 
The  Primitive  range  bordering  the  east  coast  of  Baffin  land  is  a  contin- 
uation of  the  Labrador  coast ;  and  on  the  west  coast  of  Davis  strait  and 
Baffin  bay,  south  of  Lancaster  strait,  primitive  rocks  preponderate, 
including  gneiss,  mica-slate,  and  granite. 

Boss,20  in  1835,  finds  granitoid  and  gneissic  rocks  to  occupy  exclu- 
sively the  coast  line  and  adjacent  islands  of  the  Boothian  and  Melville 
peninsula  south  of  70°  35'. 

Fitton,21  in  1836,  describes  the  north  side  of  Great  Slave  lake  from 
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tlie  entrance  of  the  north  arm  westward  as  consisting  mainly  of  gneiss, 
porphyry,  and  granite.  The  large  islands  and  promontory  of  the  east- 
ern part  of  the  lake  are  of  the  trap  formation.  These  are  compared  to 
the  Coppermine  series.  Pebbles  of  jasper  conglomerate  were  collected 
near  the  west  end  of  the  lake,  but  the  rock  was  not  seen  in  place.  The 
rocks  on  the  route  from  Great  Slave  lake  northeastward  by  Clinton- 
Golden  and  Aylmer  lakes  and  the  Great  Fish  river  to  the  Arctic  coasts 
are  different  varieties  of  granite  and  gneiss. 

Back,22  in  1838,  describes  granite  as  occurring  in  two  places  along 
the  southeastern  coast  of  Southampton  island. 

Simpson,23  in  1843,  applies  the  name  Trap  Point  to  the  Kent  penin- 
sula. After  an  interval  of  low  ground  to  the  eastward  granite  forms 
the  coast  line. 

Rae,24  in  1850,  finds  north  of  latitude  61°  on  the  west  coast  of  Hud- 
son bay,  beyond  NevilFs  bay,  the  shore  steep  and  rugged,  being 
lined  with  bare  primitive  rocks.  On  the  southern  shores  of  the  gulf  of 
Boothia  granite  occurs  in  several  places,  and  among  the  specimens 
found  are  gneiss,  mica-slate,  quartz-rock,  hornblende-slate.  Precipitous 
cliffs  of  trap  were  found  on  Simpson  bay,  in  latitude  08°  27'. 

Richardson,25  in  1851,  states  that  the  eastern  side  of  the  north  arm 
of  Great  Slave  lake  is  occupied  by  primitive  rocks,  which  run  across 
the  outlet  of  Athabasca  lake  to  the  deep,  northern  arm  of  Great  Slave 
lake,  and  onward  by  Marten  lake,  across  the  two  eastern  arms  of 
Great  Bear  lake,  to  the  Copper  mountains.  On  Rae  river,  which  flows 
into  Coronation  gulf  near  the  mouth  of  the  Coppermine,  are  limestone, 
quartz-rock,  and  high  clift's  of  basalt.  From  the  similarity  of  the 
various  rocks  associated  in  this  quarter  to  those  occurring  at  Pigeon 
river  and  other  parts  of  the  north  shore  of  lake  Superior  the  author  is 
inclined  to  consider  that  the  two  deposits  belong  to  the  same  geolog- 
ical era,  both  being  more  ancient  than  the  Silurian.  At  Rae  river  and 
Richardson  river,  to  the  northwest  of  the  mouth  of  the  Coppermine  and 
on  the  west  side  of  the  Coppermine  river,  are  series  of  basaltic  cliffs. 

Sutherland,26  in  1853,  describes  the  rocks  at  cape  York  and  cape 
Atholl,  latitude  76°,  as  consisting  of  sandstones,  interstratified  with 
volcanic  material.  On  the  east  coast  of  Baffin  land,  from  Lancaster 
sound  to  Cumberland  sound,  are  crystalline  rocks  which  occupy  the 
whole  coast  southward  to  Cumberland  strait. 

Murchison,27  in  1857,  states  that  cape  Granite  in  the  Arctic  Archi- 
pelago is  composed  of  quartz,  feldspar,  and  chlorite,  and  is  accompa- 
nied with  gneiss  of  the  same  comx>osition. 

Kane,28  in  1857,  states  that  the  rocks  of  the  coast  between  Rensse- 
laer harbor  and  the  great  Humboldt  glacier  (in  Peabody  bay),  are  strat- 
ified limestones,  sandstones,  feldspathic  and  porphyritic  granite  pass- 
ing into  gneiss,  and  in  some  places  trap. 

Haughton,29  in  1857,  describes  granitic  rocks  as  composinga  consid- 
erable part  of  Eorth  Greenland,  on  the  north  side  of  Baffin  bay,  and 
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constituting  the  rock  of  the  country  at  the  east  side  of  the  island  of 
North  Devon.  Between  capes  Osborne  and  Warrender  the  rocks  are 
graphic  granite,  which  passes  into  a  laminated  gneiss,  and  with  the 
gneiss  are  inter  stratified  beds  of  garnetiferous  mica- slate.  The  whole 
series  is  overlain  by  red  sandstones  of  banded  structure.  The  grani- 
toid rocks  are  again  found  on  the  north  side  of  the  island  of  North  Som- 
erset, where  they  form  the  eastern  boundary  of  Peel  sound.  Gape 
Granite  is  the  northern  boundary  of  the  granite.  On  Peel  sound  and 
Prince  of  Wales  island  is  a  dark  syenite  composed  of  feldspar  and 
hornblende.  This  rock  is  massive  and  eruptive  at  cape  M'Clure,  and 
occasionally  gneissic.  The  Silurian  of  the  Arctic  archipelago  rests 
everywhere  directly  on  the  granite,  with  a  sandstone,  passing  into  a 
coarse  grit,  at  its  base. 

Hatjghton,29  in  1859,  states  that  granitoid  rocks  everywhere  under- 
lie the  Arctic  archipelago.  At  Montreal  island  is  a  gneiss  which  exhib- 
its the  phenomena  of  foliation  in  a  marked  degree.  At  Eellot's  straits, 
in  latitude  72°  north,  are  found  gneissoid  granite,  graphic  granite,  and 
syenite.  At  Pond's  bay,  at  the  northern  extremity  of  Baffin  land, 
quartziferous  mica-schist  underlies  the  Silurian  limestone  and  is  inter- 
stratified  with  gneiss  and  garnetiferous  quartz  rock  inclining  38° 
WSW.  Cape  York,  on  the  Greenland  coast,  is  composed  of  fine 
grained  granite.  At  Wolstenholme  sound  the  granitoid  rocks  are  con- 
verted into  mica-slate  and  actinolite-slate,  the  two  rocks  passing  into 
each  other  by  almost  insensible  gradations.  Carey's  islands,  west  of 
Wolstenholme  sound,  are  composed  of  a  gneissose  mica-schist,  formed  of 
successive  layers  of  quartz  granules,  and  layers  of  jet-black  mica.  The 
mica-schist  passes  into  white  gneiss.  Yellow  and  white  sandstones  are 
also  found  in  small  quantity  upon  the  islands,  reposing  upon  the  gran- 
itoid rocks. 

Lieber,30  in  1860,  describes  on  the  coast  of  Labrador,  gneisses,  gran- 
ites, labradorites,  etc.,  at  various  localities. 

DeEance  and  Fielden,31  in  1878,  state  that  the  Laurentian  system 
is  the  fundamental  one  for  the  region  visited  by  Sir  George  Nares.  At 
cape  Eawson  is  an  important  overlying  series  which  occupies  the 
coast  of  Grinnell  land  from  Scoresby  bay  to  cape  Cresswell,  in  latitude 
82°  40'  north.  The  rocks  are  in  a  series  of  sharp  folds  with  a  general 
west-southwest  strike,  the  beds  being  often  vertical  and  frequently 
cleaved.  They  consist  of  jet-black  slates,  of  impure  limestones,  trav- 
ersed by  veins  of  quartz  and  cherts,  and  of  a  vast  series  of  quartzites 
and  grits.  They  are  compared  to  the  gold-bearing  series  of  Nova  Scotia 
and  doubtfully  referred  to  the  Huronian  system. 

Hind,32  in  1878,  describes  at  Mullens  cove,  in  the  Laurentian  series 
of  Labrador,  a  succession  of  interbedded  gneisses,  micaceous  schists, 
crystalline  limestones,  and  a  bed  of  calcareous  conglomerate.  The 
thickest  layer  of  white  crystalline  limestone  is  35  feet. 

Emerson,33  in  1879,  describes  the  rocks  of  Frobisher  bay,  collected 
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by  C.  F.  Hall,  as  consisting  of  granite,  gneiss,  magnetite-gneiss,  horn 
blendic  gneiss,  mica-schist,  etc. 

Bell,9  in  1885,  describes  on  the  Labrador  coast  gneiss  and  gran- 
ite at  Ford's  liarbor  and  Mission  station,  Nam,  at  Nachvak  inlet,  at 
Skynners  cove,  and  other  points.  The  granite  sometimes  becomes 
syenitic  and  the  gneiss  is  sometimes  well  laminated. 

Boas,34  in  1885,  describes  the  nucleus  of  Baffin  land  as  everywhere 
of  gneiss  and  granite. 

Greely,33  in  1886,  finds  toward  the  head  of  Chandler  fiord  liigh 
cliffs  of  schists  and  slate,  and  in  Buggies  river,  at  the  outlet  of  lake 
Hazen,  large  slabs  of  slate. 

Packard,36  in  1888,  describes  syenitic  and  gneissic  rocks  of  the 
Lauren tian  formation  at  various  points,  among  which  are  Sleupe  har- 
bor in  Gore  island  near  Shallop,  the  bay  east  of  Anse-au-Loup,  Caribou 
island,  cape  St.  Francis,  and  Square  island. 

McConnell,37  in  1890,  mentions  granite-gneisses  east  of  the  Bocky 
mountains  at  the  rapids  of  Slave  river  and  fort  Bae.  These  evidently 
belong  to  the  Laurentian  or  the  oldest  division  of  the  Archean.  West  ot 
the  Bocky  mountains,  crystalline  schists  are  largely  developed  along  the 
valley  of  the  Pelly -Yukon,  occurring  in  numerous  exposures  from  the 
International  boundary  to  fort  Selkirk,  and  they  continue  up  the  Lewis 
about  30  miles.  This  belt  of  crystalline  rocks  has  a  width  of  somewhat 
over  a  hundred  miles.  The  eastern  edge  of  the  area  consists  largely  of 
quartzose  schists,  cklorite-sehists,  mica-schists,  diabases,  and  serpen- 
tines, which  are  occasionally  interbedded  with  bands  of  slate,  limestone, 
and  are  broken  in  many  places  by  igneous  intrusions.  The  green 
schists,  in  ascending  the  river,  are  underlain  by  foliated  mica-gneisses, 
alternating  with  hornblende-gneisses,  which  are  distinctly  Archean  in 
appearance  and  lithological  character. 

SUMMARY  OF    RESULTS  FROM  DAWSON. 

Dawson,38  in  1887,  as  a  result  of  an  exhaustive  review  of  the  literature 
of  northern  Canada,  states  that  Archean  or  Eozoic  rocks  are  dominant 
in  the  northern  part  of  the  continent.    They  also  form  the  greater  part 

Pf  Greenland,  and  doubtless  underlie  at  no  great  depth  the  entire  Arctic 
rchipelago.  While  the  information  available  is  sufficient  to  indicate 
[the  existence  of  the  different  subdivisions  of  the  Archean  which  are 
met  with  in  the  southern  portion  of  Canada,  including  the  lowest  Lauren- 
tian or  granitoid  gneiss  series,  the  Middle  Laurentian,  possibly  the 
peculiar  rocks  classed  as  the  "  Upper  Laurentian  "  and  certain  of  the 
more  schistose  and  generally  darker  colored  and  more  basic  rocks  classed 
as  Huronian,  it  is  far  too  imperfect  to  admit  of  the  separation  of  these 
subdivisions  on  the  map.  It  is  evident  that  the  Huronian  is  represented 
n  parts  of  the  west  coast  of  Greenland,  and  it  is  probably  also  recog- 
lizable  on  the  Labrador  coast,  and  on  the  west  coast  of  Hudson  bay. 
Che  occurrence  of  well  stratified  gneisses  with  mica-schists  and  crystal- 
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line  limestones,  with  associated  graphite  and  magnetite,  appears  to  in- 
dicate the  presence  of  Middle  Lanrentian.  These  rocks  occur  on  the 
southern  part  of  Baffin  land,  Frobisher  bay,  Cumberland  sound,  and 
Melville  peninsula.  The  term  Cambrian  is  made  to  include  all  rocks 
above  the  Huronian  to  the  base  of  the  Cambro-Silnrian.  Extensive 
areas  placed  in  the  Cambrian  on  the  Arctic  coast  and  in  the  vicinity  of 
Coppermine  river  are  analogous  in  character  to  those  of  the  Keweenaw 
or  Animikie  of  the  lake  Superior  region,  and  probably  represent  both 
groups  of  that  great  copper-bearing  series.  Throughout  the  northern 
part  of  the  continent  the  characteristic  Cambrian  formation,  composed 
largely  of  volcanic  rocks,  apparently  occupies  an  unconformable  position 
with  regard  to  the  underlying  Laurentian  and  Huronian  systems.  The 
present  remnants  show  that  these  rocks  have  undergone  comparatively 
little  subsequent  disturbance.  The  cape  Eawson  beds  of  Grinnell  land 
are  provisionally  referred  to  the  Cambrian,  on  account  of  their  litholog- 
ical  resemblance  to  the  rocks  of  the  Animikie,  and  also  on  account  of; 
their  similarity  to  the  Nova  Scotia  gold-bearing  series. 

In  the  above  summary,  as  the  terms  are  used  in  this  volume,  the  Mid- 
dle Laurentian,  much  of  the  Huronian,  and  the  Coppermine  andequiva-. 
lent  series,  which  are  placed  in  the  Cambrian,  are  to  be  included  in  the] 
Algonkiau ;  while  the  Lower  Laurentian  is  largely  or  wholly  Archean.  j 

SECTION  III.   THE  LOWER   ST.  LAWRENCE  RIVER  AND  WESTWARD  TO] 
LAKES   ST.   JOHN  AND  MISSTASSINI. 

LITERATURE. 

Bayfield,39  in  1840,  describes  granite  rocks  as  occupying  the  follow- j 
ing  districts:  Along  the  St.  Lawrence  from  the  Saguenay  to  pointe  del 
Monts,  a  distance  of  130  miles;  from  pointe  de  Monts  to  the  Seven \ 
islands,  a  distance  of  CO  miles,-  the  mainland  to  the  eastward  ofMingan 
islands  and  opposite  Ste.  Genevieve  island,  where  the  country  for  many 
miles  inland  is  composed  of  low  granite  mounds;  the  coast  from  Ste.  - 
Genevieve  east  to  cape  Whittle,  longitude  60°  W.,  latitude  50°  10'  ST.  | 
The  granites  are  in  part  hornblendic  and  in  part  nonhornblendic.     A 
Ste.  Genevieve  was  observed  hypersthene  and  Labrador  feldspar.    Th 
granitic  rocks  are  regarded  as  unstratified.    They  are  traversed  by 
trap  veins,  insignificant  in  size  as  compared  with  the  immense  size  offl 
the  lake  Superior  granite  masses.    Beposing  horizontally  on  the  granites  j 
on  the  east  side  of  Pillage  bay  and  mount  Ste.  Genevieve  are  limestones.  I 
The  islands  of  the  south  shore  of  the  St.  Lawrence  and  the  south  coast ' 
from  Sagnenay  to  cape  Bozier  are  composed  of  alternating  strata  of: 
graywacke  and  slate  dipping  to  the  southward  at  angles  varying  from 
30°  to  90°. 

Logan,40  in  1850,  describes  a  metamorphic  group  of  rocks  in  the, 
vicinity  of  bay  St.  Paul,  Murray  bay,  and  White  cape  on  the  St.  Law- 
rence river.     The  predominant  rocks  are  mica-gneisses  and  hornblende- 
gneisses.    No  crystalline  limestones  were  noted. 
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Logan/1  in  1854,  describes  the  district  north  of  the  St.  Lawrence 
river,  between  Montreal  and  cape  Tourment,  below  Quebec.  To  the 
metamorphic  sediments  the  word  Lauren ti an  is  applied.  It  is  used  to 
cover  all  of  the  prefossiliferous  rocks.  The  name  is  founded  on  that 
given  by  Mr.  Garneau  to  the  chain  of  hills  which  the  Laurentian 
series  compose.  At  St.  Maurice  the  Potsdam  sandstone  rests  upon  the 
gneiss. 

Dawson,42  in  1861,  describes  the  Laurentian  rocks  exposed  on  the 
coast  cliffs  of  Murray  bay.  At  one  place  the  succession  includes 
gneiss,  white  quartz  rock,  impure  limestone,  and  hornblende  slate,  but 
the  beds  are  so  inverted  that  little  reliance  can  be  placed  on  apparent 
superposition.  The  crystalline  limestone,  dolomite,  and  serpentine  are 
together  14  feet  thick.  The  Silurian  rocks  rest  unconformably  upon 
the  Laurentian  beds. 

Eichardson,43  in  1870,  describes  the  Laurentian  and  Labradorite 
rocks  on  the  north  shore  of  the  lower  St.  Lawrence.  The  Laurentian 
gneiss  has  sometimes  little  appearance  of  stratification.  The  dips  are 
high,  approaching  the  vertical.  The  Labradorite,  with  moderate  dips, 
rests  unconformably  upon  the  Laurentian.  At  one  place  there  occurs 
in  the  gneiss  a  bed  12  feet  thick  of  coarsely  crystalline  limestone.  The 
Labradorite  rocks  have  a  wide  extent.  Both  the  Laurentian  gneiss  and 
labradorites  are  cut  by  granitic  veins. 

Eichardson,44  in  1872,  reports  on  the  prefossiliferous  rocks  in  the 
country  north  of  lake  St.  John.  They  are  classified  under  two  heads: 
First,  Laurentian  gneiss,  including  a  little  crystalline  limestone ;  sec- 
ond, crystalline  schists,  consisting  of  chloritic  and  epidotic  rocks,  with 
dolomites,  serpentines,  and  conglomerates.  The  Laurentian  occupies 
much  the  largest  area  of  country  and  includes  gneissic  rocks  cut  by 
granite  veins,  limestones,  quartzites,  and  hornblende  rocks.  The  lime- 
stones and  quartzites  are  comparatively  unimportant,  but  the  former  is 
said  to  be  in  thickness  not  less  than  500  or  600  feet.  The  rocks  of  the 
second  class  immediately  succeed  the  Laurentian  near  the  north  end  of 
lake  Abatagomaw.  Large  expanses  of  the  conglomerate  of-'this  series 
are  composed  entirely  of  rounded  fragments  of  Laurentian  gneiss  of 
gray  and  red  colors.  In  some  places,  without  close  examination,  the 
conglomerate  might  be  mistaken  for  the  Laurentian  gneiss.  Sandstones 
and  shales  are  met  with  which  show  lines  of  deposition.  It  is  remarked 
that  whatever  the  geological  horizon  of  this  series  of  rocks,  it  will  be 
prudent  for  the  present  to  withhold  an  opinion  until  further  investiga- 
tions are  made.  The  only  indication  as  to  the  geological  age  of  this 
series  is  given  by  an  obscure  fossil  occurring  in  a  limestone  which 
Billings  thinks  is  a  coral. 

LaFlamme,45  in  1885,  gives  geological  observations  on  the  Saguenay 
region.  The  pre  Cambrian  rocks  are  divided  into  two  series,  a  gneissic 
and  a  labradorite  series,  which  are  together  included  in  the  Laurentian, 
although  nothing  is  said  as  to  their  structural  relations. 
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Low,46  in  1886,  reports  on  the  Mistassini  expedition.  The  Laurentian 
gneisses  and  associated  rocks  occupy  the  whole  country  from  the  gulf 
of  St.  Lawrence  to  James  bay,  along  the  route  traversed,  with  the  excep- 
tion of  some  areas  of  Huronian  and  Cambrian  in  the  vicinity  of  lake 
Mistassini.  The  Laurentian  rocks  include  gneiss,  hornblende- schists, 
mica-schists,  crystalline  limestones,  and  areas  of  triclinic  feldspar  rocks. 
The  rocks  described  by  Richardson,  north  of  lake  Abatagomaw,  are  sim- 
ilar to  the  epidotic  and  chloritic  slates  of  the  Shickshock  mountains  and 
the  eastern  townships  and  are  referred  to  the  Huronian. 

SUMMARY   OF   RESULTS. 

In  the  very  brief  and  general  studies  of  the  area  north  of  the  lower 
St.  Lawrence  no  attempt  is  made  to  map  the  region  in  detail  nor  to 
work  out  the  structure  of  the  rocks.  The  Labradorite  rocks  are  sepa- 
rated by  Eichardson  from  the  gneissoid  rocks,  to  which  he  applies  the 
term  Laurentian.  The  reason  for  doing  this  is  not  given,  so  that  we 
have  no  indication  as  to  whether  this  is  an  eruptive  or  a  sedimentary 
series,  and  if  sedimentary,  whether  it  underlies  or  overlies  the  gneisses, 
As  iu  the  Ottawa  region,  the  great  mass  of  gneiss  is  free  from  lime- 
stones. The  limestones  are  local  and  are  associated  with  other  rocks 
which  are  presumably  of  clastic  origin,  such  as  quartzites. 

The  remarks  which  are  made  with  reference  to  two  series  in  the 
Ottawa  area  would  apply  equally  well  to  this  region.  We  have  no  in- 
dication as  to  the  relations  of  the  clastic  series,  described  by  Eichard- 
son, to  the  Laurentian  gneiss  which  is  referred  by  Low  to  the  Huronian. 
Eichardson,  who  did  the  work  upon  this  series,  was  not  able  to  give  an 
opinion  as  to  its  position,  and  its  reference  to  the  Huronian  by  Low  is 
made  wholly  upon  lithological  grounds.  It  is,  however,  probable  that 
the  great  conglomerates  in  the  neighborhood  of  Lake  Abatagomaw,  com- 
posed almost  entirely  of  rounded  fragments  of  Laurentian  gneiss  and 
which  in  some  places  closely  resemble  the  gneiss,  mark  the  structural 
boundary  between  the  two  series  of  rocks.  The  description  of  this  con- 
glomerate is  that  of  a  recomposed  rock,  the  material  being  derived  from 
the  immediately  underlying  formation. 
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CHAPTER    IV. 

EASTERN  CANADA  AND  NEWFOUNDLAND. 

SECTION  I.   THE  EASTERN  TOWNSHIPS. 

LITERATURE. 

Murray,1  in  1847,  describes  the  metamorphic  rocks  of  the  Notre 
Dame  mountains.  The  more  important  varieties  are  slate  and  trap. 
It  is  not  certain  that  these  rocks  do  not  belong  to  the  fossiliferous  for- 
mation. 

Logan,2  in  1863,  describes  the  Quebec  group  at  length.  Metamor- 
phic rocks  of  various  kinds  are  mentioned,  but  these  are  all  regarded 
as  belonging  to  the  fossiliferous  series.  In  the  fossiliferous  formations 
east  of  the  Notre  Dame  mountains  are  veins  and  masses  of  intrusive 
granite. 

Selwyn,3  in  1879,  gives  observations  on  the  stratigraphy  of  the 
Quebec  group.  This  'group  is  divided  into  three  distinct  groups  of 
strata.  First,  the  lower  Silurian  group;  second,  the  volcanic  group, 
probably  lower  Cambrian;  and  third,  the  Crystalline  schist  group 
(Huronian?).  The  rocks  composing  group  three  are  chiefly  slaty  and 
schistose,  embracing  various  schists,  imperfect  gneisses,  micaceous 
dolomites,  and  magnesian  limestones.  The  upper  part  of  this  series 
emerges  from  beneath  the  upper  Silurian. 

Selwyn,4  in  1883,  finds  in  the  Stoke  mountains  an  igneous  belt  un- 
conformably  overlapped  and  covered  by  the  fossiliferous  beds  of  the 
Levis  formation  and  by  the  Siluro-Devonian  rocks;  but  between  these 
volcanics  and  the  more  schistose  rocks  of  the  central  axis,  by  which 
they  are  underlain,  no  unconformity  has  been  detected.  These  volcan- 
ics are  provisionally  classed  with  the  lower  series,  that  is,  pre-Cam- 
brian  and  probably  Upper  Huron ian.  In  the  Quebec  series  are  found 
important  masses  of  granite  which  are  intrusive  in  the  fossiliferous 
series.  The  stratified  rocks  in  contact  with  them  are  disturbed  and 
altered,  the  limestones  converted  into  graphitic  schists  or  crystalline 
marble,  and  the  argillites  into  mica-slates,  chiastolite  and  staurolite 
schists,  which  are  traversed  by  streaks  and  veins  (dikes?)  of  granite. 
These  granites  are  regarded  as  of  Silurian  or  Devonian  age.  The  alter- 
ation of  the  fossiliferous  beds  has  gone  so  far  as  to  suggest  a  resem- 
blance to  the  crystalline  rocks  which  have  been  referred  to  the  Lauren- 
tian  or  Huronian. 
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Selwyn,5  in  1883,  in  further  speaking  of  the  Quebec  group,  asserts 
of  the  upper  metamorphic  or  volcanic  group  that  neither  a  schistose  nor 
a  bedded  structure  can  be  accepted  as  a  proof  of  nonigneous  origin,  and  ] 
that  a  massive  lava  flow  is  as  likely,  through  pressure  and  metamor-  ] 
phism,  to  assume  a  schistose  structure  as  are  ordinary  sedimentary 
strata.    Much  of  the  material  of  the  upper  part  of  the  lower  groups  is 
of  contemporaneous  irruptive  and  eruptive  origin,  though  for  the  most 
part,  through  cleavage  and  alteration,  so  changed  in  external  and] 
physical  character  as  to  cause  these  rocks  to  be  classed  as  metamor- 
phic, notwithstanding  that  they  still  closely  correspond  in  chemical \ 
composition  with  recognized  igneous  and  volcanic  rocks,  and  differ  es-  j 
sentially  from  any  known  ordinary  unmixed  sedimentary  deposits.    It  is  j 
suggested  that  the  upper  volcanic  group  may  represent  the  Keeweenian. 

Ells,6  in  1887,  reports  on  the  geology  of  a  portion  of  the  Eastern. 
Townships.  Placed  in  the  Cambrian  are  a  set  of  slates  of  various  colors, 
sandstones  passing  into  quartzites,  quartziferous  schists  and  conglom- 
erates in  which  are  found  no  calcareous  beds  or  fossils.  The  conglom- 
erates are  of  two  kinds ;  one  is  composed  of  pebbles  of  the  ordinary  kind, 
granitoid  rocks,  quartzites,  slates,  etc. ;  the  other  is  composed  largely 
of  dioritic  pebbles  in  a  diorite  paste  with  intercalated  beds  of  sandstones 
and  grits,  and  may  be  regarded  as  an  agglomerate.  This  series  in 
places  is  certainly  unconformable  to  the  Cambro- Silurian  system  on  the' 
one  hand,  and  in  a  like  manner  is  unconformable  to  the  underlying^ 
ridges  of  crystalline  rocks  from  the  debris  of  which  they  are  largely 
formed.  These  strata  for  the  most  part  flank  the  ridges  of  crystalline 
schists  and  gneisses,  but  at  other  times  are  in  intricately  folded  basins 
in  them.  These  rocks  resemble  the  gold-bearing  series  of  Nova  Scotia. 
When  near  to  or  cut  by  masses  of  granite  the  strata  have  developed  in 
them  crystals  of  chiastolite  and  staurolite. 

The  areas  of  crystalline  schists,  gneisses,  and  limestones,  with  Serpen- 
tines and  associated  strata  are  referred  to  the  pre- Cambrian.  The  age 
of  these  rocks  is  inferred  from  their  lithological  character,  from  their 
position  of  apparent  unconformity  below  the  overlying  series  referred 
to  the  Cambrian,  and  from  the  fact  that  their  debris  is  found  in  the 
latter  series.  The  areas  of  pre-Cambrian  rocks  are  four  in  number.  In 
position,  and  in  the  fact  that  they  contain  copper,  they  closely  resemble 
the  copper-bearing  rocks  of  New  Brunswick  and  the  Huronian  of  Bruce 
mines.  There  is  a  similarity  to  the  series  in  England  and  Scotland 
described  by  Hicks  under  the  names  of  Dimetian,  Arvonian,  and  Pebid- 
ian.  Summing  up  it  is  said :  Whatever  may  be  the  exact  age  of  these 
altered  rocks,  their  present  aspect  entitles  them  to  be  classed  as  very 
ancient  sediments,  although,  in  view  of  the  great  alterations  which 
may  result  from  intense  regional  metamorphism,  there  is  no  reason  why 
many  of  the  ordinary  sedimentary  rocks  of  Cambrian,  Cambro- Silurian, 
or  even  Silurian  age,  should  not  assume  much  of  the  character  of  these 
just  described.    It  is  now  tolerably  clear  that  the  series  now  considered 
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constitutes  the  lowest  of  all  the  geological  formations  encountered  in 
this  portion  of  the  province. 

Both  plntonic  and  volcanic  rocks  occur  in  the  Eastern  Townships,  in- 
cluding granites  and  diorites,  some  of  which  are  at  least  as  late  in  age 
as  the  Lower  Silurian,  although  others  are  earlier,  as  is  shown  by  the 
fact  that  fragments  of  them  are  included  in  the  strata  referred  to  the 
Cambrian.  The  sedimentary  strata  are  altered  at  the  contacts  with 
these  intrusives.  These  granites  are,  however,  held  by  Selwyn  to  be 
metamorphic. 

Selwyn,7  in  1887,  states  that  at  the  Bras  stream,  about  3  miles  from 
the  Chaudiere  river,  is  well  exposed  a  contact  of  the  crystalline  series 
with  the  black  slates,  showing  the  same  unconformable  relations 
between  the  Cambrian  and  pre-Cambrian  as  on  the  Quebec  Central 
railway.  The  granites  considered  by  Ells  as  intrusive  are  regarded  as 
more  probably  formed  in  situ  by  the  same  metamorphic  agencies  that 
have  altered  the  adjacent  strata,  and  the  so-called  dikes  are  probably 
due  to  segregation;  in  fact,  the  latter  are  rather  veins  than  dikes. 
The  granites  are  then  regarded  as  an  effect  of  the  metamorphosing 
agencies  rather  than  the  cause  of  the  metamorphism. 

Ells,8  in  1880,  gives  a  second  report  on  the  geology  of  the  Quebec 
group.  Throughout  the  area  of  the  rocks  referred  to  the  Lower  Cam- 
brian no  fossils  have  yet  been  found,  but  they  resemble  the  lower  por- 
tion of  the  Cambrian  of  New  Brunswick.  The  most  that  can  be  said  of 
them  stratigraphically  is  that  they  are  intermediate  between  the  chlo- 
ritic  and  micaceous  schists  of  the  central  anticlinal  and  the  overlying 
rocks  of  the  Sillery.  These  Cambrian  rocks  have  certain  beds  which 
closely  resemble  those. of  the  Potsdam  age  of  the  Sillery;  on  the  other 
hand,  it  is  not  easy  to  separate  them  from  the  underlying  pre-Cambrian 
schists,  although  at  certain  points  there  is  a  manifest  unconformity 
between  the  two  series,  as  is  well  shown  between  Broughton  station 
and  Harvey  hill  on  the  Quebec  Central  railway;  the  regular  strike  of 
the  underlying  chloritic  rocks  being  nearly  east  and  west,  while  the 
overlying  black  slate,  with  which  are  associated  beds  of  grayish  lime- 
stone, at  times  strike  nearly  north  and  south.  The  difference  in  the 
character  of  the  Cambrian  and  pre-Cambrian  strata,  together  with  the 
fact  of  the  occurrence  of  a  line  of  fault  between  the  crystalline  schists 
of  the  Sutton  mountain  anticlinal  and  the  slates  and  serpentines  to  the 
east,  are  the  chief  reasons  for  the  separation  of  these  two  series  into  pre- 
Cambrian  and  Cambrian.  The  pre-Cambrian  areas  found  are  com- 
posed mostly  of  alternations  of  chloritic  and  micaceous  schists,  in 
certain  localities,  as  at  Les  Saints  Anges,  are  found  micaceous  black 
and  gray  slates,  and  quartzites  with  crystalline  limestone,  which  may 
be  Cambrian  or  pre-Cambrian.  The  areas  of  granite,  diorite,  and  ser- 
pentine are  described. 

Adams,9  in  1889,  iinds  that  the  massive  and  stratified  varieties  of 
the  anorthosite  underlying  the  northwest  part  of  the  Eastern  Townships 
Bull.  86 15  * 
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are  really  only  different  portions  of  one  and  the  same  mass.  It  is  con- 
cluded that  most,  if  not  all,  of  the  areas  are  of  eruptive  origin,  since 
they  are  frequently  found  cutting  the  gneisses.  Bands  of  crystalline 
limestone  are  found  in  the  region. 

Ells,10  in  1890,  states  that  the  lowest  beds  of  the  Lower  Cambrian 
frequently  contain  a  very  considerable  thickness  of  conglomerates,  the 
pebbles  of  which  are  without  doubt  derived  from  the  underlying  crys- 
talline ridges  which  have  been  called  pre-Cambrian.  They  are  distinct 
in  character  from  the  pre-Cambrian  of  the  anticlinals,  the  latter  being 
in  all  cases  highly  crystalline,  while  there  is  a  sharply  defined  line, 
either  of  unconformable  overlap  or  of  fault,  between  the  crystalline 
series  and  the  slates  and  quartzites  of  what  has  been  styled  Lower 
Cambrian.  This  line  of  fault  is  to  be  seen  at  certain  points,  and  is 
heavy ;  at  others  the  slates  occupy  basin -like  areas  infolded  in  the 
schists,  where  the  rocks  pass  at  once  from  the  black,  gray,  and  purple 
slates  to  the  highly  altered  schists.  There  are  certain  areas  of  mica- 
schists  and  black  slates  which  are  apparently  in  the  center  of  the 
anticlinal  of  Sutton  or  the  Chaudiere.  These  probably  represent  a 
portion  of  the  pre-Cambrian,  but  they  are  quite  distinct  from  the  or- 
dinary black,  purple,  and  gray  slates  and  quartzites  of  the  Chaudiere 
gold  series. 

SUMMARY   OF   RESULTS. 

A  large  number  of  articles  have  been  written  in  reference  to  the 
Quebec  group  which  are  not  touched  in  the  above,  as  their  point  of 
view  is  paleontological,  and  if  the  crystallines  are  referred  to  at  all  they 
are  simply  placed  as  the  metamorphosed  equivalents  of  the  fossiliferous 
rocks. 

While  Ells  places  the  middle  series  found  in  this  region  as  Cambrian, 
he  is  very  cautious  to  say  that  he  has  no  paleontological  evidence  for 
this ;  so  that  it  is  yet  to  be  considered  an  open  question  whether  it  is 
Algonkian  or  not.  By  Selwyn  it  is  compared  with  the  Keweenawan, 
and  by  Ells  with  the  Nova  Scotia  gold-bearing  slates.  It  is  certain  that 
the  series  is  uncomformably  below  the  Potsdam,  and  equally  certain  that 
it  overlies  crystalline  schists.  While  the  so-called  Cambrian  and  pre- 
Cambrian  are  said  to  be  unconformable,  and  several  localities  are  cited  in 
which  these  relations  obtain,  one  wishes  that  they  had  been  described  in 
more  detail.  The  only  one  mentioned  in  which  the  facts  are  given  upon 
which  the  statement  of  uncomformity  is  based  is  the  one  on  the  Quebec 
railway,  where  it  is  said  that  the  strike  of  the  Cambrian  slates  is  almost 
at  right  angles  to  that  of  the  pre-Cambrian  schists.  When  it  is  remem- 
bered that  there  probably  are  in  this  region  great  masses  of  intrusive 
granites  which  have  metamorphosed  the  adjacent  strata,  and  that  as  a 
result  of  such  action  a  schistose  structure  oftentimes  develops  inde- 
pendent of  the  original  bedding,  the  evidence  cited  at  this  particular 
locality  is  by  no  means  sufficient  to  establish  the  conclusion.     However, 
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the  basal  conglomerates  of  the  series  referred  to  the  Cambrian,  the  crys- 
talline character  of  the  pre-Oambrian  as  contrasted  with  the  clastic 
character  of  the  Cambrian,  and  the  sharply  defined  line,  either  of  un- 
comformable  overlap  or  of  fault,  between  the  crystalline  series  and  the 
slates  and  qiiartzites  which  are  styled  Lower  Cambrian,  indicates  the 
probability  that  a  structural  break  of  great  magnitude  does  occur  be- 
tween the  two  series.  The  supposed  lower  series  of  crystalline  chloritic 
and  micaceous  schists  and  gneisses,  with  their  associated  qiiartzites 
and  limestones,  seems  clearly  to  be  of  clastic  origin.  It  is  compared 
with  the  Huronian  by  Ells.  From  present  imperfect  knowledge  it  can 
only  be  safely  placed  as  Algoukian.  If  it  shall  turn  out  that  the  non- 
fossiliferous  rocks  referred  to  the  Cambrian  by  Ells  are  also  Algoukian, 
this  system  is  represented  in  the  Eastern  townships  by  two  series  which 
are  probably  uncomformable. 

Selwyn's  later  position  as  to  the  nature  of  the  granite  is  the  opposite 
of  that  earlier  held.  In  his  reports  published  in  1879  and  1883  the 
granites  are  not  only  believed  to  be  intrusive,  but  many  of  the  crystal- 
line schists  are  believed  to  be  metamorphosed  irruptives.  In  the  foot- 
notes accompanying  Ells's  reports  these  same  granites  are  said  to  be 
metamorphic. 

SECTION  II.      GASPE  PENINSULA. 

LITERATURE. 

Ells,11  in  1885,  describes  the  pre-Cambrian  rocks  of  the  Gaspe 
peninsula.  These  are  confined  to  the  Shickshock  mountains.  They 
are  garnetiferous  gneiss,  hornblendic,  chloritic  and  micaceous  schists, 
epidosite,  etc.  These  rocks  are  so  like  the  pre-Cambrian  as  seen  in 
New  Brunswick  and  other  parts  of  Canada  that  they  are  removed  from 
the  Quebec  group  and  assigned  to  an  older  horizon.  Serpentines,  dio- 
rites,  and  granites  are  intrusives,  a  part  of  thern  later  in  age  than 
Devonian. 

Low,12  in  1885,  also  describes  the' pre-Cambrian  rocks  of  the  Gaspe 
peninsula.  They  are  represented  by  the  metamorphic  schists  and 
slates  of  the  Shickshock  mountains,  among  which  are  serpentine,  and 
several  beds  of  limestone,  one  of  them  being  90  feet  thick.  Great 
masses  of  granite  and  dikes  of  trap  are  found  in  these  series.  The 
granites  are  evidently  of  later  date  than  the  Silurian  and  Devonian 
rocks,  as  fragments  of  these  are  inclosed  in  them,  and  the  adjacent 
stratified  rocks  show  alteration. 

SECTION  III.      CENTRAL  NEW  BRUNSWICK. 

LITERATURE. 

Kobb,  13  in  1870,  gives  a  report  on  the  geology  of  central  New  Bruns- 
wick. The  crystalline  rocks  include  (1)  a  band  of  metamorphic  rocks 
immediately  underlying  the  Carboniferous  series  and  extending  to  the 
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southeastern  boundary  of  the  great  granite  area,  (2)  the  ceutral 
granite  area,  (3)  a  band  of  noncalcareous  nietamorphic  slate  and 
quartzite  lying  immediately  northwest  of  the  granite  area.  The  south- 
ern slate  band  extends  from  Magaguadavic  lake  to  the  southwest  Mira- 
michi,  its  breadth  varying  from  9  J  miles  on  the  St.  John  river  to  17 
miles  on  the  Miramichi.  The  rocks  consist  of  argillaceous  and  mica- 
ceous clay-slates,  with  interposed  bands  of  crystalline,  quartzose,  mica- 
ceous and  feldspathic  rocks  resembling  sandstone.  They  are  doubtless 
altered  sediments.  In  one  place  apparently  in  this  series  are  fossils, 
probably  of  Upper  Silurian  or  Devonian  age.  The  central  granite  occu- 
pies a  considerable  area  to  the  northwest  of  the  slates.  The  line 
between  the  slates  and  granite  is  somewhat  arbitrary,  for  the  slate  and 
quartzite  band  includes  three  very  considerable,  with  some  smaller, 
bands  of  granite.  The  various  feldspathic  rocks  of  the  region  seem  to 
merge  into  each  other.  This  is  true,  not  only  of  the  granite  and  gneiss, 
but  even  of  the  foliated  semicrystalline  slates  and  quartzites.  Occa- 
sionally fragments  of  gneiss  of  all  shapes  and  sizes  are  found  imbedded 
or  incorporated  in  the  granite,  and  vice  versa ;  but  no  appearance  of 
granite  veins  cutting  the  laminated  rocks  are  noted.  The  slates,  mica- 
schists,  and  quartzites  of  the  northern  slate  belt  locally  assume  a  crys- 
talline aspect.  Bands  of  crystalline  rocks  resembling  granite,  syenite, 
and  diorite  are  intercalated  in  the  manner  of  conformable  or  interbed- 
ded  masses.  At  one  place  is  found  a  slate- con  glomerate  which  is  believed 
to  occupy  a  depression  in  the  older  rocks. 

RoBB,14in  1872,  gives  some  additional  facts  in  continuation  of  his 
studies.  The  central  granite  area  is  divided  into  two  granitic  bands. 
Much  of  the  granite  area  is  of  a  gneissoid  character.  Where  the  change 
from  granite  to  slate  occurs,  the  granite  near  the  line  of  contact  is 
often  of  a  red  variety  and  rather  line  grained,  gradually  passing  into 
the  ordinary  color  and  texture  in  receding  from  the  line.  All  attempts 
to  elucidate  the  structural  relations  of  the  granite  have  proved  futile. 
In  the  slate  band  northwest  of  the  granite  are  conformable  dikes  of 
diorite,  syenite,  and  other  feldspathic  rocks.  Immediately  at  the  junc- 
tion of  the  granite  with  this  series  is  a  band  of  pure  crystalline  lime- 
stone. 

Ells,15  in  1881,  reports  on  the  geology  of  northern  New  Brunswick. 
The  pre-Cambrian  rocks  are  believed  to  underlie  unconformably  the 
Cambro- Silurian.  The  typical  rock  is  a  grayish  feldspathic  gneiss, 
frequently  containing  hornblende.  The  rocks  referred  to  the  pre-Oam- 
brian  include  granites,  felsites,  gneisses,  and  schists.  Granites,  diorites, 
dolerites,  and  felsites  are  found.  A  portion  of  these  are  mingled  with 
the  pre-Cambrian,  but  others,  and  especially  the  basic  eruptives,  are 
found  in  the  slates  and  other  rocks  belonging  to  the  fossiliferous  series. 
At  the  contact  of  the  granites  with  the  slates  in  places  the  latter 
become  crystalline  and  contain  crystals  of  staurolite. 

Ells,16  in  1883,  finds  crystalline  mica-schists,  quartzites,  etc.,  which 
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are  provisionally  referred  to  the  pre- Cambrian  system.     They  are  found 
at  two  places  conformably  to  underlie  the  Cambro-Silurian  series. 

Bailey,17  in  1885,  in  a  report  on  York  and  Oarleton  counties  in  cen- 
tral New  Brunswick,  finds  no  rocks  which  are  regarded  as  pre-Cam- 
brian; but  granites,  syenites,  basalts,  and  diabases  occur  which  are' 
regarded  as  intrusive.  Interstratified  with  the  Lower  Carboniferous 
are  beds  of  volcanic  or  semi-volcanic  origin.  The  granite  is  filled  with 
imbedded  fragments  of  other  rocks,  so  that  in  places  it  has  the  appear- 
ance of  a  conglomerate.  Beyond  question  they  come  from  the  schistose 
and  micaceous  rocks  which  border  the  granite,  as  is  shown  by  their 
identity  in  character  with  these  rocks.  Also  the  lines  of  contact  show 
the  intrusive  character  of  the  granite. 

Bailey,18  in  1880,  in  continuing  his  work  in  central  New  Brunswick, 
finds  highly  crystalline  strata,  including  gneisses,  syenites,  and  fel- 
sites,  which  are  referred  to  the  pre- Cambrian.  They  are  thought  to  be 
a  continuation  of  those  described  by  Ells.  In  this  pre-Cambrian  are 
included  without  doubt  very  considerable  masses  of  igneous  rocks. 

Bailey  and  McInnes,19  in  1877,  in  continuing  work  on  central  New 
Brunswick  find  felsites,  quartzites,  and  mica-schists,  which  are  referred 
to  the  pre-Cambrian.  Only  the  boundaries  of  the  rocks  are  mapped,  no 
attempt  being  made  to  work  out  the  structure.  These  rocks  are  cut  by 
granites  which  are  found  in  two  areas.  These  granites  are  the  same 
J  character  as  those  which  have  been  previously  described  as  of  probable 
Devonian  age. 

SUMMARY  OP   RESULTS. 

As  a  result  of  the  above  work  in  central  New  Brunswick  it  is  clear 
that  below  the  Cambro-Silurian  rocks  is  a  set  of  semicrystaliine  and 
crystalline  schists  containing  among  the  former  such  rocks  as  slate, 
quartzite,  and  limestone.  The  character  of  these  is  such  as  to  show 
that  they  are  in  part  of  clastic  origin.  Large  masses  of  intrusive  rocks, 
both  basic  and  acid,  cut  both  these  rocks  and  the  fossiliferous  sedi- 
mentaries.  The  masses  are  sometimes  so  large  as  to  cause  important 
contact  metamorphism. 

There  is  little  difficulty  in  separating  the  intrusives  from  the  fossilif- 
erous rocks,  but  upon  account  of  the  more  crystalline  character  of  the 
older  series  and  its  likeness  in  miner alogical  composition  to  certain  of 
the  subsequent  intrusives,  and  further,  upon  account  of  the  intimate 
mingling  which  occurs  between  these  two  classes  of  rocks,  it  is  difficult 
to  make  the  separations  with  the  same  degree  of  sharpness.  This  diffi- 
culty is  not  improbably  further  increased  by  the  presence  of  intrusives 
earlier  than  those  which  cut  the  Cambro-Silurian  rocks. 

The  maps  presented  of  the  pre-Cambrian  are  purely  a  real,  no  attempt 
Whatever  being  made  to  subdivide  them  or  to  workout  their  structure. 
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SECTION  IV.       SOUTHERN  NEW  BRUNSWICK. 

LITERATURE. 

Gesner,20  in  1839,  gives  many  details  as  to  particular  localities  in 
southern  New  Brunswick.  The  succession  of  rocks  below  the  Old  Red 
sandstone  is  argillaceous  slate  and  granite.  The  volcanic  rocks  of  the 
bay  of  Fundy  are  of  different  ages. 

Gesner,21  in  1840,  gives  a  continuation  of  his  study  of  the  previous 
year. 

Gesner/22  in  1841,  describes  the  geology  of  the  county  of  St.  John 
more  fully  than  in  rjrevious  reports.  The  syenites  occupy  a  large  area, 
and  against  these  lean  the  slates,  graywackes,  and  limestones  parallel 
to  the  coast  of  the  bay  of  Fundy,  but  there  is  a  group  of  more  schistose 
rocks  containing  no  organic  remains  which  dip  toward  this  ridge. 
These  "latter  are  evidently  primary,  while  the  graywackes  and  gray- 
wacke-slates  are  Cambrian  or  Silurian.  It  is  certain  that  a  part  of  the 
granitic  and  syenitic  rocks  which  have  been  regarded  as  primary  really 
belong  to  a  later  age. 

Gesner,23  in  1842,  finds  that  the  graywackes  and  slates  provisionally 
correlated  with  the  Cambrian  were  deposited  prior  to  the  elevation  of 
the  granitic,  syenitic,  and  trappean  masses  upon  which  they  rest,  as 
they  are  fractured  in  all  directions  by  dikes  and  extensive  elevations 
of  those  rocks. 

Gesner,24  1843,  places  the  granite,  syenite,  trap,  and  serpentine  in 
the  unstratified  rocks.  To  the  Cambrian  system  are  referred  a  series 
of  graywackes  and  clay-slates  which  are  sometimes  conglomeratic. 
These  rocks  extend  from  the  American  boundary  to  near  Bathurst, 
and  in  them  organic  remains  occur. 

Johnston,25  in  1850,  in  a  report  on  the  province  of  New  Brunswick, 
gives  a  map  by  Robb  in  which  the  crystalline  rocks  are  outlined  as 
granite,  gneiss  and  mica-slate,  and  trap  rocks. 

Bailey,  Matthew  and  Hartt,26  in  1865,  in  observations  on  the  geo- 
logy of  southern  New  Brunswick,  give  a  resume  of  the  work  previously 
done.     Of  the  15  different  groups  of  rocks,  the  lowest  consists  prinejl 
pally  of  granite,  gneiss,  mica-schist,  and  thick  beds  of  crystalline  lime- 
stone.   This  is  the  Lauren tian  or  Portland  group.    Resting  upon  the 
Portland  group  is  the  Coldbrook   group,   belonging  to  the   Huronian  • 
division  of  the  Azoic  system,  and  thick  deposits  of  altered  slate  of  aJ 
volcanic  character,   surmounted    by  conglomerates.    The  Coldbrook^ 
group  is  succeeded  by  the  St.  John  group,  which  contains  no  coarse 
material  and  is  regarded  as  equivalent  to  the  Potsdam  or  Primordial 
of  New  York.     Above  the  St.  John  group  is  the  Bloomsbury  group  of 
volcanic  character,  such  as  basalt,  amygdaloid,  and  trap  rock,  which 
are  associated  with  conglomerates  and  slates  destitute  of  fossils.    Geo- 
graphically  separated  from  the  above  groups  are  the  rocks  of  Kingston, 
which  are  regarded  as  Upper  Silurian,  and  the  mica-schists  of  Queens 
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county,  which  may  be  Cambrian.  Scattered  through  all  the  above  arc 
igneous  rocks  such  as  granite,  syenite,  porphyry  and  trap,  which  may 
occur  associated  with  rocks  of  any  age.  The  Portland  group  is  in  al- 
most entire  conformity  with  the  Coldbrook  group.  The  lithological  re- 
semblance of  the  Coldbrook  group  (7,000  feet  thick)  with  the  Huronian 
is  very  close.  The  presence  of  graphite  in  the  Portland  and  St.  John 
groups  is  regarded  as  evidence  of  life. 

The  extreme  metamorphism  of  the  Portland  group  is  evidence  of  its 
great  antiquity.  This  age  would  never  have  been  doubted  were  it  not 
for  the  intimate  association  and  conformability  with  the  beds  of  the 
overlying  groups,  which  are  unquestionably  Upper  Devonian,  and  the 
Portland  was  supposed  to  represent  either  a  portion  of  the  Lower  Devo- 
nian or  possibly  the  upper  part  of  the  Silurian.  During  the  deposition 
of  the  Azoic  and  Silurian  ages  a  long  period  of  repose  prevailed,  broken 
only  by  the  volcanic  activity  of  the  Coldbrook  group.  The  Bloomsbury 
rocks  associated  with  rocks  unquestionably  of  Upper  Devonian  age 
are  referred  to  the  same  horizon.  At  one  place  the  Coldbrook  group 
overlies  the  St.  John,  its  position  being  due  to  a  reverse  folding  caused 
by  a  ridge  of  eruptive  syenite.  The  Kingston  group  on  its  general 
lithological  character  and  stratigraphical  relations  is  provisionally  re- 
ferred to  the  Upper  Silurian,  although  Lower  Silurian  and  Lower 
Devonian  beds  may  occur. 

Matthew,27  in  1865,  correlates  the  Portland  series,  which  includes 
limestone,  syenite,  gneiss,  conglomerate,  slate,  and  graphitic  shale,  with 
the  Lauren tian,  first,  because  of  its  lithological  characteristics,  and 
second,  because  it  is  unconformably  overlain  by  great  thicknesses  of 
deposits  similar  to  the  Huronian  series  of  Canada.  The  Coldbrook 
Huronian  group  is  conformable  with  the  Lower  Silurian  St.  John  beds, 
although  there  is  a  marked  contrast  between  the  formations,  the  former 
containing  conglomerates  and  volcanic  products,  but  the  latter  none. 

Hind,28  in  1865,  in  a  geological  sketch  of  the  province  of  New  Bruns- 
wick, finds  no  rocks  older  than  the  Lower  Silurian.  The  belts  of  gran- 
ite are  regarded  as  of  Devonian  age,  being  apparently  thrust  up  through 
the  Lower  Silurian  and  Devonian  strata  before  the  beginning  of  the 
Carboniferous  epoch.  The  Quebec  group  includes  gneiss,  anorthosite, 
mica-schist,  hornblende  rocks,  diorite,  various  schists,  and  other  crys- 
talline rocks. 

Matthew  and  Bailey,29  in  1870,  divide  the  metamorphic  rocks  of 
New  Brunswick  and  Maine  into,  first,  a  Laurentian  series,  which  con- 
sists of  gneiss,  often  granitoid  in  aspect,  including  (1)  crystalline  lime- 
stone and  inter  stratified  beds  of  quartzite  and  diorite,  (2)  a  Labia*  lo- 
rian  or  Upper  Laurentian  series,  which  consists  of  feldspar  rock 
associated  with  hypersthene  and  magnetite;  and,  second,  a  Cambrian  or 
Huronian  series.     The  granites  of  St.  Johns  river  are  of  Devonian  age. 

Bailey  and  Matthew,30  in  1872;  find  the  Laurentian  system  to  have 
a  rather  widespread  distribution.     The  rocks  are  placed  in  the  Lau- 


232  PRE-CAMBRIAN    ROCKS    OF    NORTH    AMERICA.  [bitu,  86. 

rentian  because  older  than  the  Silurian  rocks,  which  contain  a  Primor- 
dial zone,  as  well  as  on  account  of  their  general  lithological  resemblance 
to  the  ancient  rocks  of  the  Laurentian  system.  The  Lauren tiau  is 
separated  from  the  Primordial  beds  by  an  accumulation  of  trappean 
and  tufaceous  strata  which  is  supposed  to  be  of  Huronian  age.  The 
lower  division  of  the  Laurentian  consists  of  diorites,  syenite,  grani- 
toid gneiss,  etc.,  while  its  upper  division  consists  of  crystalline  lime- 
stone with  diorite  at  intervals,  greenish  gray  gneiss,  quartzite,  argillite, 
and  slate  conglomerate.  The  contact  of  the  granite  with  the  schistose 
rocks  is  peculiar.  Contained  in  the  granite  are  long  irregular  blocks 
of  the  schistose  rock.  Their  occurrence  suggests  either  a  softening  of 
the  older  series  through  metainorphism  subsequent  to  the  deposition  of 
the  upper  series,  or  else  the  intrusive  character  of  the  granites.  One 
section  of  gneiss  and  granite  in  the  Lower  Laurentian  has  a  thick- 
ness of  12,600  feet.  The  maximum  thickness  of  limestone  and  quartzite 
of  the  Upper  Laurentian  is  not  more  than  a  thousand  feet. 

In  the  Huronian  series  are  placed  the  Coldbrook,  Coastal,  and  Kings- 
ton groups,  which  together  occupy  a  wide  area.  The  Coldbrook  group 
at  several  points  was  observed  to  rest  upon  the  gneissic  and  granitic 
rocks  referred  to  the  Laurentian  system,  and  in  turn  to  be  conformably 
overlain  by  the  slates  of  the  St.  John  group  containing  Primordial 
fossils.  The  Coldbrook  group  consists  of  diorite,  chlorite- schists,  black 
slates,  micaceous  shales,  argillites,  gneissoid  rocks,  and  other  varieties. 
The  rocks  of  the  Coastal  group  consist  of  felsites  and  conglomerates, 
gray  limestones,  and  gray  clay  slates,  gray  chloritic  grits  and  schists, 
micaceous  slate  and  gray  dolomite,  green  and  red  clay  slate,  and  diorite. 
The  Kingston  group  consists  of  shales,  felsites,  diorites,  and  argillites. 
In  Grand  Manan  are  various  crystalline  rocks  which  are  not  definitely 
referred  to  any  period,  but  are  compared  to  the  Huronian.  The  Devon- 
ian and  Huronian  rocks  are  folded  together,  but  no  evidence  is  seen  of 
unconformity  between  the  two  series.  The  Mascarene  series  in  general 
aspect  resembles  the  Huronian  series  of  St.  John  and  King  counties. 
Intrusive  granites  are  found  at  many  points.  In  general  the  contacts 
of  these  granites  with  the  surrounding  rocks  are  not  found,  and  their 
age  is  thus  unknown. 

The  diorites  and  schists  of  Bloomsbury  mountain,  formerly  supposed 
on  strati  graphical  grounds  to  be  more  recent  than  the  Huronian,  resting 
upon  the  St.  John  group  and  overlain  conformably  by  the  Devonian 
sandstones,  are  now  regarded  as  Huronian  on  lithological  grounds, 
being  probably  brought  up  by  a  fault.  At  Musquash  harbor  and  at 
Katclifte's  mill  stream  green  subcrystalline  schists  rest  conformably 
upon  the  Primordial  strata,  but  these  are  believed  to  be  overturns  and 
the  former  Huronian. 

The  rocks  of  the  Coastal  group  at  several  points  overlie  Upper 
Silurian  or  Devonian  strata.  They  were  formerly  described  as  Devo- 
nian; but  as  Hunt  finds  them  similar  to  the  Huronian  in  lithological 
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character,  they  are  here  referred,  and  the  apparent  inferior  position  of 
the  Devonian  is  supposed  to  be  due  to  a  dislocation.  Accidental  inter- 
calations of  Upper  Silurian  and  Kingston  strata  are  found. 

Bailey,31  in  1872,  describes  the  rocks  of  the  greater  part  of  Grand 
Manan  as  consisting  of  Triassic  trap.  Upon  its  east  side  are,  however, 
found  metamorphic  rocks,  which  may  belong  to  different  series ;  but 
none  are  believed  to  be  more  recent  than  the  earliest  Primordial 
Silurian,  while  some  of  them  may  be  Huronian. 

Matthew  and  Bailey,32  in  1876,  place  the  Mascarene  and  Kingston 
series,  the  latter  of  which  was  previously  considered  Upper  Huronian, 
in  the  Upper  Silurian  upon  account  of  fossils  discovered  in  them. 

Bailey  and  Matthew,33  assisted  by  Ells,  in  1877,  in  observations 
on  southern  New  Brunswick,  provisionally  refer  the  Ooldbrook  group, 
formerly  considered  as  Laurentian,  to  the  Huronian.  The  granites  are 
separated  from  the  stratified  formations  of  the  Coldbrook  group. 

Matthew,34  in  1878,  refers  as  doubtfully  belonging  to  the  Laurentian 
the  slate  formation  of  Charlotte  county,  formerly  described  as  Coastal 
rocks  and  placed  in  the  Huronian.  In  the  Kingston  series,  more  recent 
jhan  the  Coastal,  are  rather  crystalline  rocks  which  are  believed  in  part 
:o  belong  to  the  Upper  Silurian,  but,  like  the  Coastal  rocks,  are  of  un- 
certain age.  The  crystalline  mica-schists,  hornblende- schists,  gneisses, 
liorites,  etc.,  of  Grand  Manan  combine  in  characters  the  two  belts  of 
Kingston  rocks  and  those  of  certain  Upper  Silurian  strata. 

Bailey  and  Ells,35  in  1878,  find  in  the  Caledonia  mountains  of  Albert 
uid  Westmoreland  counties  chloritic  and  talcose  slates  associated  with 
>eds  of  grit  and  conglomerate,  which  are  regarded  as  probably  of  Hu- 
onian  age. 

Ells,36  in  1879,  finds  in  Albert,  eastern  Kings,  and  St.  Johns  counties 
►re-Silurian  rocks,  which  are  placed  in  the  Huronian  and  Laurentian. 
?he  older  series  is  said  to  consist  of  syenite,  felsites,  feldspathic  quartzites, 
,nd  limestones.  In  many  places  are  transitions  from  the  slates  through 
chists,  felsites,  and  gneisses,  to  syenites.  The  newer  series  consists 
f  felsitic,  siliceous,  brecciated,  and  ash  rocks  at  the  base,  with  talcose, 
hloritic,  and  older  schists,  ash  rocks  and  purple  grits,  and  conglom- 
rates.  The  second  group  lies  unconformably  upon  the  rocks  of  the  first. 
Bailey,37  in  1879,  divides  the  pre- Silurian  rocks  of  southern  New 
frunswick  into  four  divisions  on  lithological  grounds.  The  first  are 
yenitic,  feldspathic,  and  gneissic  rocks;  the  second,  limestones  and 
olomites,  with  others.  These  two  divisions  are  regarded  as  belonging 
o  the  Laurentian.  The  third  is  a  felsite-petrosilex  group  which  com- 
|rises  sandstones  and  conglomerates,  as  well  as  amygdaloid al  ash  rocks 
!nd  ash  conglomerates.  This  is  the  <  -oldbrook  group  of  the  earlier  re- 
jorts  and  is  regarded  as  a  lower  member  of  the  Huronian  system.  The 
i)iirth  division  is  a  schistose,  chloritic,  and  micaceous  group,  comprising 
inong  other  rocks  conglomerates,  clay  slates,  quartzites,  ash  rocks, 
mygdaloids,  etc*,  and  is  regarded  as  the  upper  member  of  the  Huro- 
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nian  system.  The  passage  from  division  2  to  division  3,  that  is,  from  the  1 
Laurentian  to  the  Huronian,  is  a  gradual  one,  as  the  two  groups  are  I 
intimately  associated. 

Placing  the  Upper  Coldbrook  group  as  pre- Silurian,  the  unconform- 1 
ability  of  this  group  with  the  Silurian  is  marked  in  general.  The  Pri- 1 
mordial  beds  sometimes  rest  upon  division  3  and  sometimes  upon  division  1 
4,  they  contain  in  places  coarse  basal  conglomerates,  and  appear  to  have  1 
been  originally  deposited  among  the  hollows  of  the  Huronian  series.! 
South  of  Bloomsbury  mountain,  and  on  the  main  stream  of  Black  river  j 
and  the  adjacent  region,  the  Huronian  rocks  are  associated  with  the  I 
Devonian,  and  the  two  formations  accord  almost  exactly  both  in  strike! 
and  dip,  the  Devonian  being  included  among  the  Huronian  rocks.  But  I 
in  addition  to  the  fact  that  the  conglomerates  of  the  former  are  largely! 
made  up  of  the  debris  of  the  latter,  there  are  points  in  which  this  ac-l 
cordance  is  clearly  wanting.  The  discordance  is  pretty  well  seen  at  the  J 
east  branch  of  Black  river. 

Matthew,38  in  1879,  finds  the  Kingston  series  to  exhibit  a  strong 
resemblance  to  the  Huronian  formation  of  St.  John  county,  but  it  is  re- 
garded as  Silurian  on  paieontological  grounds. 

Bailey,  Matthew,  and  Ells,39  in  1880,  give  a  general  review  of 
their  work  done  upon  southern  New  Brunswick,  which  covers  an  area 
of  about  6,000  square  miles.     The  rocks  comprised  under  the  pre-Cam- 
brian  include  the  Laurentian  of  1871  and  the  three  former  divisions  of 
the  Huronian-Coastal,  Coldbrook,  and  Kingston.     Of  the  relations  of 
the  upper  members  of  the  Laurentian  mica-schist,  limestone,  and  fine 
gneiss,  to  the  main  body  of  coarse  syenite  and  syenitic  gneiss  constitut- 
ing the  Lower  Laurentian,  nothing  further  is  known  than  contained  in 
the  report  of  1870-'71.     The  greatly  broken  and  disturbed  character  of 
the  supposed  upper  series,  the  obscure  stratification  of  much  of  the 
underlying  group,  and  the  frequent  occurrence  of  intrusive  masses, 
combine  to  make  the  determination  difficult.    There  can,  however,  be. 
no  question  that  the  bulk  of  the  calcareous  and  siliceous  strata  are  more 
recent  than  the  coarse  granitoid  rocks  with  which  they  are  associated.? 
With  one  possible  exception,  no  instances  of  direct  superposition  of  the 
Coldbrook  rocks  on  the  Laurentian   have  been  observed  j   but  the| 
Coastal  rocks  are  found  upon  the  Coldbrook  rocks  as  well  as  upon  the  I 
Upper  Laurentian,  so  there  is  no  reasonable  doubt  as  to  the  true  sue- 1 
cession.     Contacts  of  the  Coastal  group  with  the  Coldbrook  group  are 
found  in  the  county  of  St.  John,  and  especially  along  the  line  of  the  St.! 
Martins  and  IJpham  railway,  between  Upliani  and  Quaco,  and  on  the  v 
lower  Quaco  road  on  either  side  of  Bloomsbury  mountain.     In  passing! 
from  one  to  the  other  there  is  often  an  abrupt  change  of  dip,  the  beds  I 
of  the  higher  series  dipping  at  a  lower  angle  than  those  upon  which 
they  rest,  while  along  the  same  line  of  contact  it  is  not  uncommon  to* 
find  masses  of  coarse  breccia  conglomerate,  in  which  the  fragments  are 
hugely  the  petrosilex  derived  from  the  inferior  group.     It  is,  however,  I 
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questioned  whether  the  unconforinability  is  suffieient  to  prove  the  fact 
of  any  considerable  lapse  of  time.  The  age  and  equivalency  of  the 
Kingston  group,  as  well  as  that  of  the  Mascarene  peninsula,  is  some 
what  uncertain,  owing  to  the  difficulty  of  obtaining  stratigraphical  evi- 
dence and  from  the  close  resemblance  which  many  of  them  bear  on  the 
one  hand  to  the  rocks  of  the  Huronian,  and  on  the  other  to  those  of  the 
Silurian. 

Bailey,40  in  1881,  in  summarizing  the  work  of  the  survey  in  New 
Brunswick,  concludes  that  there  is  a  Laurentian  and  Huronian,  as  in 
other  parts  of  Canada.  These  are  below  the  Primordial  by  a  marked 
unconformity.  These  rocks  east  of  St.  John  occupy  irregular  troughs 
in  the  pre- Silurian  rocks,  resting  sometimes  upon  one  and  sometimes 
upon  another  of  the  subdivisions  of  the  latter,  crossing  their  strike 
obliquely  and  having  coarse  basal  conglomerates.  There  is  almost  per- 
fect lithological  likeness  between  the  great  mass  of  rocks  referred  to 
the  Laurentian,  including  coarse  and  fine  grained  gneisses,  quartzites, 
graphitic,  and  serpen  tinous  greenstones  and  dolomites,  with  the  Lauren- 
tian of  other  parts  of  Canada,  and  particularly  the  Hastings  series  of 
Vennor.  This  series  is  capped  by  the  great  volcanic  series  of  the  Hu- 
ronian. These  pre- Silurian  rocks  are  confined  wholly  to  the  region  of 
the  southern  metamorphic  hills,  nothing  of  equivalent  age  having  yet 
been  identified  in  the  central  and  northern  portions  of  the  province, 
[n  the  rocks  referred  to  the  Huronian  are  two  well  marked  divisions, 
bhe  lower  or  Coldbrook  group  and  the  upper  or  Coastal  group,  between 
^hich  there  is  not  infrequently  evidence  of  at  least  a  partial  uncon- 
formity. The  pre-Silurian  rocks  are  of  vast  thickness ;  their  divisions 
weve  deposited  under  markedly  different  conditions ;  there  are  uncon- 
formities between  these  divisions.  These  facts  show  that  these  rocks 
ire  at  least  as  old  as  the  Huronian  and  portions  of  the  Laurentian  sys- 
tem. Above  the  Upper  Silurian  rocks  are  found  felsite-porphyries  and 
peculiar  orthophyres  at  Passamaquoddy  bay,  and  at  Eastport  and 
Pembroke,  Maine.  On  the  St.  John  river,  associated  with  the  fossilif 
irous  rocks  are  amygdaloidal  and  ash  rocks  which  are  indistinguish- 
ible  lithologically  from  the  Huronian  formation,  and  to  which  all  of 
:hese  rocks  have  previously  been  referred. 

Bailey,41  in  1885,  finds  the  granites  of  southern  and  central  New 
Brunswick  to  be  of  intrusive  character  and  to  cut  rocks  as  late  in  age 
as  the  Carboniferous.  As  evidence  of  this  are  cited  the  abrupt  transi- 
:ions  from  the  massive  granite  to  the  associated  schists;  the  widely 
aifierent characters  of  the  invaded  beds;  the  fact  that  foliation  and 
Irystallization  are  most  marked  in  the  vicinity  of  the  granite  and  de- 
crease in  receding  from  it;  the  outlines  of  the  granite  are  irregular  and 
pometimes  parallel,  at  other  times  are  oblique  to,  and  at  other  times 
lit  right  angles  to  the  rocks  cut;  detached  masses  or  bosses  of  granite 
Iporder  main  granitic  areas;  granite  veins  like  those  of  the  main  mass 
|>f  granite  penetrate  the  schists  in  all  directions  adjacent  to  the  granite 
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masses;  large detached  blocks  of  schists  and  gneiss,  usually  angular, 
are  frequently  contained  in  the  granite,  sometimes  being  so  abundant 
as  to  produce  the  appearance  of  a  coarse  breccia.  As  to  the  age  of 
these  granites,  no  veins  are  found  penetrating  later  strata  than  the 
Upper  Silurian,  but  all  conglomerates  older  than  the  Lower  Carbonifer- 
ous are  destitute  of  granite  pebbles,  while  the  later  formations  abound 
in  them,  which  appears  to  indicate  that  the  granites  are  Devonian. 

Ells,42  in  1886,  finds  in  Albert  county  pre-Cambrian  rocks  which  in- 
clude quartzite,  felsite,  gneiss,  syenite,  and  granite.  The  crystalline 
limestone  rests  generally  upon  the  flanks  of  the  schistose  series.  These 
rocks  are  an  eastern  extension  of  the  x>re-Cambrian  of  western  New 
Brunswick. 

Bailey,43  in  1890,  says  the  evidences  of  unconformity  between  the 
Primordial  and  Archean  are  clear,  varied,  and  widely  distributed.  It 
is  equally  evident  that  the  Archean  consists  of  two  groups  of  sediments,  j 
which  in  many  features  resemble  the  Laurentian  and  Huronian  sys-  j 
terns  of  Canada;  but  there  are  equally  striking  differences  between  the 
supposed  Laurentian  rocks  of  St.  John  and  those  of  Canada.  This  is 
especially  marked  by  the  greater  proportional  amount  in  the  former  of 
distinctly  stratified  rocks,  such  as  slates  and  quartzites,  and  the  absence 
of  coarsely  crystalline  deposits.  As  regards  the  Huronian  rocks,  the 
greater  part  were  referred  to  as  felstones,  clay- stones,  porphyries,  and 
petrosilcx  before  the  introduction  of  the  present  methods  of  petrograph- 
ical  research  and  their  names  in  some  instances  are  probably  misapplied. 
The  relations  of  the  Laurentian  and  Huronian  systems  are  not  well 
understood.  While  the  author  does  not  doubt  that  the  clastic  and 
schistose  rocks  referred  to  the  Huronian  are  more  recent  than  the  grani- 
toid gneissic  and  crystalline  limestones  regarded  as  Laurentian,  a  con- 
trary view  has  been  taken  by  others. 

Matthew,44  in  1890,  states  that  in  the  upper  Laurentian  of  New 
Brunswick  fossils  occur  at  three  horizons.  The  oldest  of  these  is  in  a 
quartzite  in  the  lower  half  of  the  system.  This  contains  Hexactinellid 
sponges,  allied  to  the  genus  Cyathospongia.  The  second  horizon  is  in  the 
upper  limestone.  It  contains  calcareous  coral  like  structures  which 
bear  a  resemblance  to  Stromatopora  rugosa.  The  third  horizon  is  that 
of  the  graphite  beds,  in  which  occurs  great  numbers  of  sponge  spicules, 
arranged  in  parallel  sets,  one  set  crossing  the  other  at  an  acute  angle. 
The  type  of  sponge  is  apparently  Monactinellid.  Eozoon  also  occurs  in 
the  Laurentian.  Between  the  upper  Laurentian  system  and  the  basal 
Cambrian  occurs  a  third  system  of  rocks,  the  Coldbrook  and  Coastal, 
which  has  given  conglomerates  to  the  Cambrian  and  has  a  great  thick- 
ness. 

SUMMARY   OF   RESULTS. 

While  the  mapping  of  the  province  of  New  Brunswick  has  been  com- 
pleted by  the  official  survey,  the  statements  of  the  later  papers  of  those 
who  have  taken  the  most  active  part  in  this  mapping  make  it  certain 
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that  many  of  the  supposed  conclusions  reached  in  the  early  reports  are 
?pen  to  doubt.  The  most  noticeable  feature  is  the  failure  to  subdivide 
bhe  Huronian  into  two  or  three  series  on  these  maps  when  the  divisions 
Doldbrook,  Coastal,  and  Kingston  have  been  found  in  the  reports  for 
many  years.  The  reason  assigned  on  the  maps  for  this  is  that  the  three 
series  are  so  intimately  intermixed  that  their  separation  with  any  ap- 
proach to  accuracy  is  impossible. 

The  difficulty  of  the  geology  of  this  region  is  shown  by  the  manner 
in  which  these  groups  have  been  shifted  from  one  place  to  another.  In 
bhe  days  of  the  earlier  work  none  of  them  were  regarded  as  pre-Cam- 
brian, and  a  portion  was  given  as  high  a  place  as  the  Devonian.  The 
Kingston  group  in  1865  was  called  upper  Silurian  and  was  regarded  as 
overlying  the  St.  John ;  in  1872  was  called  upper  Huronian ;  in  1876 
was  again  placed  as  Silurian;  and  was  not  until  1879  finally  placed 
with  the  upper  Huronian.  The  Coastal  group,  first  placed  in  the  fos 
siliferous  series,  in  1872  was  placed  in  the  middle  Huronian;  in  1878 
was  doubtfully  referred  to  the  Laurentian,  and  in  1879  was  again  re- 
burned  to  its  place  as  middle  Huronian.  The  Coldbrook  group  has 
been  reckoned  as  Huronian  since  1865. 

At  the  outset,  in  discussing  the  results  attained  as  to  the  succession 
Df  crystalline  rocks,  the  intrusive  character  of  a  very  large  part  of  the 
granite  at  a  period  later  than  pre-Cambrian  time  may  be  considered  as 
demonstrated.  To  this  conclusion  all  the  official  geologists  have  agreed 
with  the  exception  of  Hind,  whose  work  was  done  at  a  time  in  Which 
the  metamorphic  theory  had  extreme  power.  Anneainced  by  Gesner  in 
1841,  the  evidence  cited  by  him  for  the  intrusive  character  of  the  gran- 
ite is  in  a  measure  the  same  as  that  so  convincingly  given  by  Bailey 
over  forty  years  later,  in  1884. 

I  The  plainly  eruptive  character  of  a  part  of  the  granite  suggests  the 
Question  as  to  whether  the  great  mass  of  syenite,  granite,  and  gneiss 
making  up  the  lower  Laurentian  is  not  also  of  an  igneous  character. 
(Even  if  this  be  so,  it  does  not  follow  that  it  is  not  the  most  ancient  rock 
in  southern  New  Brunswick;  but  the  possibility  is  suggested  that  it 
nay  be  an  intrusive  of  a  much  earlier  age  than  those  which  cut  the 
|ilurian  strata,  and  yet  not  be  earlier  than  a  portion  of  the  crystalline 
:ocks  of  clastic  origin  and  pre-Cambrian  age. 

1  It  is  evident  that  among  the  rocks  referred  to  the  Laurentian  of 
outhern  New  Brunswick  is  a  great  series  of  completely  crystalline 
ocks,  and  an  apparently  unimportant  series  composed  of  slates,  quartz  - 
s,  and  limestones.  This  is  shown  by  the  estimated  thicknesses  given 
n  the  report  published  in  1872.  The  lower  Laurentian  is  given  a 
hickness  of  over  13,000  feet,  while  the  upper  Laurentian  (elastics)  have 
|  thickness  not  to  exceed  1,000  feet. 
The  suggested  intrusive  character  of  the  lower  Laurentian  is  made 
lore  probable  by  the  fact  that  there  is  said  to  be  transitions  between 
jhese  plainly  clastic  rocks  and  the  thoroughly  crystalline  ones.    Upon 
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the  other  hand,  it  is  also  a  possibility  that  there  is  a  physical  break 
between  the  elastics  and  crystallines  of  the  Laurentian,  but  no  frag- 
ments of  the  underlying  series  are  found  in  the  elastics  nor  is  any  struc- 
tural unconformity  mentioned.  One  is  at  once  struck  with  the  parallel- 
ism between  the  two  parts  of  the  Laurentian  of  southern  New  Brunswick 
and  those  of  the  Hastings  series.  In  this  latter  case  Vennor,  in  his  later 
work,  came  to  the  conclusion  that  the  clastic  series  is  a  newer  uncon- 
formable one  resting  upon  an  older  crystalline  series. 

The  Laurentian  and  Huronian  are  in  general  said  to  be  in  conformity. 
While  this  is  true,  Matthew  in  1865  states  that  the  Portland  series  is 
nnconformably  overlain  by  the  Huronian,  and  Ells  repeats  this  state- 
ment in  1879.  In  1880,  however,  this  position  is  apparently  abandoned ; 
at  least  it  is  not  alluded  to  in  the  general  summary  of  conclusions.  As 
the  Huronian  and  Laurentian  are  regarded  as  conformable,  the  basis 
for  separating  the  clastic  series  at  the  base  of  the  Ooldbrooks  must  be 
considered  wholly  lithological.  It  is  somewhat  difficult  to  determine 
the  lithological  criteria  used  in  the  distinction,  but  it  seems  that  the 
appearance  of  abundant  volcanic  material  is  the  most  important  of 
these.  Also  connected  with  this  fact  is  a  prevailingly  darker  color. 
When  it  is  remembered  that  volcanic  outbreaks  are  often  of  a  local 
character,  and  that  it  is  wholly  possible  that  quartzites  and  slates  are; 
being  deposited  at  the  same  time  volcanic  accumulations  are  occurring, 
it  must  be  concluded  that  the  criterion  of  volcanic  activity  is  an  uncer- 
tain one.  It  would  seem  that  it  would  be  more  reasonable,  without 
reference  to  other  localities,  to  make  the  major  break  above  the  crys- 
tallines of  the  Lower  Laurentian. 

The  only  physical  break  finally  maintained  in  the  whole  pre-Cam- 
brian  series  is  between  the  two  divisions  of  the  Huronian,  the  Cold- 
brook  and  Coastal.  From  the  descriptions  it  seems  that  this  break 
is  a  very  considerable  one;  for  detritus  of  the  lower  series  is  contained 
in  the  upper,  and  more  important  than  this,  the  lower  series  has  a 
steeper  inclination.  Such  a  break  as  this  certainly  implies  not  only  an 
erosion  interval,  but  an  orographic  movement,  and  this  must  mean  a 
rather  important  time  break. 

Throwing  aside  all  correlations  with  other  regions  and  considering, 
the  pre-Cambrian  succession  in  southern  New  Brunswick  alone,  it  is  as 
follows:  (1)  Wholly  crystalline  granites,  gneisses,  etc.     (2)  Quartzites, 
slates,  slate  conglomerates,  gneisses,  and  crystalline  limestones.     (3) 
Volcanics  and  elastics  of  the  Coldbrook.     Unconformity.     (4)  Coastal 
and  Kingston  groups.    While  in  the  reports  it  is  positively  stated  that 
the  Coldbrook  is  lower  than  the  Coastal  and  Kingston,  even  this  con- 
clusion apparently  can  not  be  taken  without  question,  since  the  dis 
tinction  is  abandoned  in  the  mapping.    The  dropping  of  the  terir 
Huronian  for  the  post-Laurentian  groups  indicates  that  this  correlatioi' 
with  Huronian,  taken  for  granted  for  many  years,  is  also  considered  ai 
open  question. 
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SECTION  V.     NOVA  SCOTIA  AND  CAPE  BRETON. 

LITERATURE. 

Jackson  and  Alger,45  in  1832,  in  remarks  on  the  mineralogy  and 
geology  of  Nova  Scotia,  find  the  granites  to  protrude  through  the  clay- 
slates.  They  are,  however,  regarded  as  older  than  the  slates,  the  latter 
having  been  deposited  on  them  in  a  horizontal  position.  This  granite 
ls  the  only  Primitive  rock  of  Nova  Scotia.  The  line  of  junction  between 
bhe  slate  and  granite  was  not  observed.  The  slates  are  cut  by  numer- 
ous dikes  believed  to  be  of  igneous  origin  iu  age  posterior  to  the  slate. 
Brown,46  in  1843,  places  the  whole  northern  part  of  cape  Breton  in 
bhe  Primary  rocks.  Cape  North  is  composed  of  mica-slate,  gneiss,  and 
granitic  rocks  apparently  interstratified,  Avith  an  east  and  west  strike, 
and  upturned  nearly  on  edge.  Igneous  rocks  occupy  a  large  part  of 
bhe  island.  These  protrude  through  the  limestones  and  graywackes, 
which  are  associated  with  the  coal  measures. 

Dawson  (Sir  William),47  in  1850,  divides  the  metamorphic  rocks  of 
BasternNova  Scotia  into  two  groups;  one  along  the  Atlantic  coast  and 
vicinity,  and  another  belt  to  the  west,  parallel  to  the  first.  The  coast 
group  consists  of  quartzites,  mica-slates,  and  clay-slates,  which  are  cut  by 
granites,  and  it  is  therefore  called  the  granitic  group  of  metamorphics. 
rhe  second  group,  the  slates  and  quartzites,  include  micaceous  and 
balcose  schists,  while  the  intrusive  rocks  are  syenites  and  the  group  is 
therefore  called  the  syenitic  group.  The  syenitic  group  rests  uncon- 
formably  below  the  carboniferous  rocks,  the  latter  containing  fragments 
from  the  former.  These  are*  seen  at  numerous  points.  Both  of  these 
groups  of  rocks  are  regarded  as  belonging  to  the  fossiliferous  series, 
the  syenitic  group  being  Silurian.  The  granitic  group  is  probably 
older  than  the  syenitic,  and  therefore  also  Silurian  or  pre-Siluriau, 
but  the  actual  superposition  of  the  beds  of  the  two  groups  were  not 
observed. 

Dawson  (Sir  William),48  in  1855  and  1868,  places  in  the  Upper  Silu- 
rian large  areas  in  the  northern  and  eastern  parts  of  cape  Breton  as  well 
is  other  smaller  areas;  large  areas  in  northern  Nova  Scotia,  and  in 
Southern  Nova  Scotia  northwest  of  the  gold-bearing  series.     The  rocks 
lave  been  subjected  to  great  disturbances  and  are  much  complicated 
n  structure.    They  include  many  varieties,  syenite,  porphyry,  green- 
ttone- slates,  quartzites,  conglomerates,  and  sandstones.    Large  areas  of 
ranitic  rocks  are  also  found  associated  with  the  metamorphic  series 
eferred  to  the  Upper  Silurian. 
The  Lower  Silurian  covers  a  very  large  area  along  the  Atlantic  coast 
f  Nova  Scotia  known  as  the  gold-bearing  series.    This  area  has  afforded 
lo  fossils  but  appears  to  be  a  continuation  of  the  older  slate  series  of 
ukes  of  Newfoundland  whi*eh  contain  Paradoxides.    Among  the  inet- 
morphic  rocks  of  this  region  are  gneiss,  mica-slate,  quartz-rock  or 
uartzite,  and  clay-slate.    The  gneiss  is  unquestionably  the  product  of 
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metamorphism  due  to  the  baking  of  sedimentary  rocks  by  heat  and  water, 
while  quartzite  consists  of  graius  of  flinty  sand  fused  together.  The 
preponderant  rocks  are  thick  bands  of  slate  and  quartzite  having  a 
general  northeast  and  southwest  strike  and  highly  inclined.  Whether 
the  mica  schists  and  gneiss  of  cape  Canso,  and  Queen's  and  Shel- 
bnrne  counties,  and  the  chloritic  beds  of  Yarmouth  are  to  be  regarded 
as  more  metamorphosed  members  of  the  Lower  Silurian  slates  or  are; 
still  older  deposits  remains  uncertain.  Granite  is  found  in  several 
places  in  the  region  in  large  masses  projecting  through  the  slates  and 
quartzites,  and  adjacent  to  the  granite  these  rocks  are  replaced  by 
gneiss  and  mica-slate  or  other  more  highly  metamorphosed  rocks.  The 
metamorphism  of  the  rocks  must  have  occurred  prior  to  the  Carbonifer- 
ous period,  and  there  is  no  doubt  that  the  granite  rocks  have  been  the 
agent  in  effecting  it,  if  they  are  not  themselves  portions  of  the  strati- 
lied  beds  completely  molten  and  forced  up  by  pressure  against  and  into 
the  fissures  of  the  neighboring  unmelted  rocks.  Whatever  view  is* 
taken  as  to  the  age  of  the  granitic  rocks,  it  is  certain  that  they  are 
strictly  Hypogene,  that  is,  they  belong  to  deep-seated  foci  of  subter- 
ranean heat  and  are  not  superficial  products  of  volcanic  action,  bun 
were  probably  at  one  time  deeply  buried. 

Campbell,49  in  1863,  divides  the  gold-bearing  slates  into  a  lower  or"' 
quartzite  group  and  an  upper  or  clay  slate  group. 

Hind,50  in  1869,  finds  in  the  Waverly  beds  of  the  gold-bearing  rocks 
obscure  fossils,  which  are  regarded  as  evidence  that  these  rocks  prob- 
ably lie  near  the  base  of  the  Lower  Silurian,  perhaps  being  the  equiva-: 
lent  of  the  Potsdam  or  lower  part  of  the  Galciferous. 

Hind,51  in  1870,  describes  the  series  of  gneissic  and  granitic  rocks' 
which  are  said  to  extend  as  an  interrupted  axis  from  the  Gut  of  Canso 
to  the  Tusket  islands.    These  have  heretofore  been  regarded  as  erup- 
tives,  because  dikes  of  granite  are  frequently  found  in  the  quartzites 
which  are  supposed  to  be  Silurian,  and  also  fragments  of  quartzites  and 
slates  are  imbedded  in  the  granites  near  the  contacts.     It  is,  however, 
concluded  that  the  granite  is  a  sedimentary  deposit  resting  unconform- 
ably  below  the  slates  and  quartzites. ,   The  chief  proof  of  the  aqueous 
origin  of  the  granitic  rocks  is  the  abundance  of  water- worn  pebbles  and 
bowlders,  and  this  not  only  near  the  junction  of  the  quartzites  bill 
remote  from  these  rocks.     These  pebbles  are  symmetrically  arranged, 
showing  the  dip  of  the  gneiss.    They  are  often  smooth  and  rounded 
but  masses  of  schists  are  also  contained  which  do  not  present  roundec 
edges.    The  granites  or  gneisses  are  seen  to  break  through  the  gold 
bearing  series  in  many  places,  but  they  are  regarded  as  brought  up  bi 
faulting;  but  in  certain  places  on  the  line  of  the  Halifax  and  Windso; 
railroad  the  gneisses  were  in  a  plastic  state  when  the  uplift  took  place 
for  veins  are  found  squeezed  into  the  cracks  and  interspaces  of  th< 
thinly  bedded  gold  bearing  rocks. 

The  sequence  of  formations  is  Upper  Silurian,  Lower  Silurian,  Cam 
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brian  or  Huronian,  and  Laurentian.  The  Upper  Silurian  is  a  series  of 
argillites  estimated  at  9,000  feet  thick.  The  Lower  Silurian  consists  of 
micaceous,  schistose  and  corrugated  black  slates,  and  are  estimated  to 
have  a  thickness  of  from  12,000  to  15,000  feet.  The  gold-bearing  Silurian 
rocks  are  seen  to  rest  unconformably  on  a  gneissoid  series  between  Still- 
water and  Uniacke  station  on  the  Halifax  and  Windsor  railway,  and 
near  the  village  of  Sherbrooke,  in  Guysboro  county.  This  series  of 
Huronian  rocks  is  composed  of  beds  of  gneiss,  interstratified  with  mi- 
caceous schists,  schist-conglomerate,  beds  of  true  quartzite,  and  grits. 
The  gneiss  is  sometimes  porphyritic,  and  the  upper  beds  are  almost 
always  conglomeratic,  holding  pebbles  and  masses  of  schists,  grits,  and 
conglomerates,  which  are  iound  in  this  series.  This  older  series  rests 
unconformably  upon  the  Laurentian.  The  contacts  are  visible  on  the 
Windsor  and  Halifax  railway,  near  New  Stillwater  and  Mount  Uniacke 
stations.  The  gold-bearing  Silurian  strata  are  also  found  to  repose  un- 
conformably upon  the  Laurentian.  This  contact  is  also  observed  near 
Mount  Uniacke  station. 

Silliman,53  (year  unknown),  finds  that  the  gold-bearing  rocks  of  Nova 
Scotia  extend  along  the  Atlantic  coast  for  250  miles,  from  cape  Sable 
to  cape  Oanso.  These  rocks  are  hard,  slaty  ones,  which  are  sometimes 
micaceous  schists,  and  occasionally  granitic.  When  stratified  they  are 
always  found  standing  at  a  high  angle,  sometimes  almost  vertical,  and 
in  the  main  with  an  east  and  west  course.  The  zone  of  metamorphic 
rocks  varies  in  width  from  6  to  8  miles  at  its  eastern  extremity  to  40 
or  50  at  its  widest  part,  the  area  covered  being  about  6,000  square 
miles.  While  no  fossil  evidence  has  been  found  in  any  of  these  slates, 
opinion  seems  to  favor  the  belief  that  they  belong  to  the  Silurian  age, 
but  as  yet  no  place  has  been  found  where  the  rocks  next  higher  in  the 
geological  column  may  be  seen  resting  upon  them.  The  most  notice- 
able rock  of  the  gold  region  is  a  dark  gray  massive  rock,  resembling 
a  trap,  but  which  is  really  a  granular  quartzite.  It  has  three  well 
defined  planes  of  cleavage  by  which  it  breaks  into  very  irregularly 
shaped  masses.  This  rock  is  of  enormous  thickness,  and  is  undoubt- 
edly the  fundamental  or  basement  rock  of  the  region. 

Logan  and  Hartley,58  in  1870,  describe  felsites,  quartzites,  con- 
glomerates, and  slates,  adjacent  to  the  Pictou  coal  fields,  which  are 
pre-Carboniferous,  and  are  placed  as  probably  of  Devonian  age. 

Selwyn,54  in  1872,  in  studying  the  gold-bearing  slates,  agrees  with 
Dawson  that  they  belong  to  the  Primordial-Silurian  epoch.  As  evi- 
dence of  this  is  given  the  discovery  in  the  slates  of  Oven's  bluffs  of 
numerous  specimens  of  the  genus  Eophyton. 

The  granite  impresses  this  author  as  of  strictly  indigenous  character, 
and  neither  a  granitoid  gneissic  series  of  Laurentian  age  nor  an  intru- 
sive mass.  The  line  of  contact  with  the  Silurian  and  Devonian  leaves 
no  doubt  of  its  posterior  origin,  but  whether  intrusive  or  metamor- 
phic  in  situ  is  perhaps  uncertain. 
Bull.  86- 16 
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Bobb,55  in  1876,  finds  that  a  massive  syenite  and  associated  crystal- 
line rocks  have  a  quite  widespread  distribution  in  cape  Breton.  At 
some  points  the  Carboniferous  rocks  are  brought  in  contact  with  the 
syenite,  but  generally  there  are  interposed  metamorphic  calcites,  argil- 
lites,  and  quartzites  associated  with  dolomites,  and  other  magnesian 
rocks,  which  are  in  a  vertical  or  highly  inclined  position,  and  evidently 
belong  to  a  pre- Carboniferous  altered  sedimentary  series.  The  junction 
of  the  pre-Carboniferous  limestones  with  the  syenite  is  approximately 
parallel  to  the  mountain  range,  but  is  locally  irregular,  and  in  some  in- 
stances the  limestones  seem  to  fill  depressions  in  the  syenite.  The 
Lower  Carboniferous  rocks  in  places  rest  directly  upon  the  syenite,  fill- 
ing the  hollows  in  it,  and  have  basal  conglomerates,  the  debris  of  which 
is  derived  from  the  overlying  syenite,  limestone,  and  quartzite. 

Fletcher,56  in  1877,  finds  in  cape  Breton,  below  the  Silurian  rocks, 
first,  a  set  of  syenitic,  gneissoid,  and  felsitic  rocks ;  and  second,  the 
George  river  limestone  series,  consisting  of  crystalline  limestones  and 
dolomites,  interstratified  with  felsite,  syenite,  diorite,  mica-schist,  quartz- 
ite, and  quartzose  conglomerate,  both  of  which  are  referred  to  the 
Laurentian,  although  the  latter  may  be  Huronian.  The  Lower  Silu- 
rian shales  lie  nearly  horizontally  upon  the  syenites  and  felsites  without 
any  appearance  of  alteration  and  without  being  intruded  by  the  felsites 
or  syenites.  The  crystalline  limestone  series  is  in  close  affinity  with 
the  feldspathic  group  of  rocks,  but  is  distinct,  as  is  shown  by  the  oc- 
currence of  pebbles  of  syenite  and  felsite  in  the  quartzose  conglomerate 
of  Murphy  brook. 

Fletcher,57  in  1878,  continues  his  study  of  the  pre-Cambrian  of 
cape  Breton  and  northern  Nova  Scotia.  The  George  river  limestone  is 
bounded  upon  both  sides  by  coarse  syenitic  and  granitic  rocks  and  is 
in  apparent  conformity  with  them. 

Dawson58  (Sir  William),  in  1878,  places  the  rocks  of  the  Bloisdale 
hills  iu  cape  Breton  as  older  than  the  Lower  Silurian,  and  it  is  not  im- 
possible that  rocks  of  the  same  age  may  occur  in  the  vicinity  of  the 
Cambrian  beds  at  Mire.  Also  the  chloritic  rocks  of  Yarmouth  may  con- 
jeeturally  be  placed  with  the  Huronian.  With  the  exception  of  the 
rocks  of  St.  Anns  mountain,  of  the  island  of  St.  Paul,  and  some  parts 
of  northern  cape  Breton,  no  rocks  are  found  which  are  regarded  as 
lithologically  equivalent  to  the  Laurentian  of  Canada. 

Fletcher,59  in  1879,  describes  the  pre-Primordial  rocks  as  occupying 
two  large  areas,  one  constituting  the  Mira  hills,  while  the  other  is  a  belt 
of  variable  width  along  the  shore  of  the  Atlantic.  There  are  two 
basins  of  metamorphic  rocks  running  parallel  to  the  felsite  series,  one 
of  which  abounds  in  Primordial  fossils  and  the  second  probably  of 
Devonian  age.  The  latter  contains  masses  of  granitoid  and  trappean 
rocks. 

Fletcher,60  in  1881,  in  continuing  his  studies  in  northern  Nova. 
Scotia,  again  divides  the  pre- Cambrian  rocks  into  two  groups.     In  the 
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first,  or  felsitic  group  quartzites  are  also  found  intimately  intermingled. 
The  George  river  limestone  series  is  considered  as  an  unconformable 
overlying  group  of  pre- Cambrian  age.  The  limestones  in  every  case 
cap  the  felsites,  with,  which,  however,  they  often  seem  to  blend  near 
the  contacts  as  if  by  a  common  metamorphism.  As  evidence  of  this 
unconformity  are  cited  the  occurrences  of  limestone  in  a  higher  position 
than  the  syenites  and  felsites;  the  irregular  line  of  contact  by  which  the 
syenite  passes  under  the  limestone;  and  the  absence  of  veins  and  dikes  of 
syenite  in  the  limestone.  The  rocks  are  sometimes  intricately  mingled, 
as  at  Dallas  brook,  where  layered  felsite,  limestone,  and  slate  are  met 
with,  while  on  the  top  of  the  hill  limestone  occurs,  and  farther  back 
syenite,  displaying  a  coarse  admixture  of  finely  foliated  gneiss.  In  some 
localities  the  syenite  begins  abruptly  as  if  cutting  vein-like  across  the 
strike  of  the  gneiss;  in  others  the  change  from  syenite  to  gneiss  is 
gradual.  The  gneiss  is  associated  with  large  masses  of  white  quartzite. 
Metamorphic  rocks  are  described  which  are  referred  to  the  Devonian, 
but  the  evidence  is  so  slight  that  it  is  concluded  that  all  of  these  strata 
may  belong  to  an  older  period.  Between  them  and  the  pre-Cambrian 
series  there  is  a  marked  unconformity,  and  also  one  of  less  importance 
between  them  and  the  Carboniferous. 

Fletcher,61  in  1885,  finds  that  in  northern  cape  Breton  the  syenitic, 
gneissoid,  and  other  feldspathic  rocks  of  the  Lower  pre-Cambrian  group 
are  intimately  mingled  on  the  Margaree  river  with  foliated  rocks.  At 
Coinneach  brook,  where  the  syenite  comes  in  contact  with  the  contorted 
mica- schist,  the  latter  is  seen  to  underlie  the  syenite.  Higher  up  the 
syenite  again  appears  and  contains  a  layer  5  feet  thick  of  mica-schist 
which  is,  as  it  were,  intruded  among  the  syenites.  Bed  granite  over- 
lies unconformably  the  strata  of  the  George  river  limestone  group  at 
Fionnar  brook. 

Gilpin,62  in  1886,  describes  the  pre-Cambrian  rocks  of  cape  Breton 
as  including  a  felsite  series  and  a  crystalline  limestone  series,  both  of 
which  are  referred  to  the  Laurentian,  and  the  latter  unconformably 
overlying  the  former.  With  the  felsites  and  interstratified  porphyries 
are  also  syenitic  and  gneissic  rocks;  while  the  crystalline  George  river 
limestone  also  contains  interstratified  with  the  limestones,  syenites, 
diorites,  mica- schists,  quartzites,  and  quartzose  conglomerates.  The 
limestone  area  is  limited  in  extent  as  compared  with  the  felsite  group. 

Fletcher,63  in  1887,  further  describes  the  pre  Cambrian  rocks  of  a 
part  of  northern  Nova  Scotia.  The  crystalline  rocks  here  found  resem- 
ble none  known  as  Cambrian  in  other  parts  of  Nova  Scotia,  and  are 
strikingly  like  those  beneath  the  Upper  Cambrian  in  cape  Breton. 
Although  they  are  certainly  known  to  rest  unconformably  below  the 
Cambro- Silurian  strata,  a  part  of  all  of  these  rocks  may  be  Cambrian 
or  even  Cambro- Silurian.  Similar  gneisses  and  schists  in  southern  New 
Biunswick  have  been  included  by  Bailey  in  his  Cambro- Silurian  series. 
Volcanic  rocks,  both  basic  and  acid  and  varying  in  age  from  pre-Cam- 
brian to  Devonian,  or  even  Carboniferous,  are  abundantly  found. 
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Faribault,64  in  1887,  reports  on  the  gold-bearing  area  of  southern 
Nova  Scotia.  These  rocks  occupy  6,000  or  7,000  square  miles.  They 
are  divided  into  a  granitic  division  and  a  lower  Cambrian  division. 
The  lower  Cambrian  rocks  include  quartzites,  clay-slates,  and  con- 
glomerates, and  are  estimated  to  have  a  thickness  of  15,000  feet. 
These  rocks,  always  greatly  altered,  are  much  more  so  when  cut  by 
masses  of  granite,  and  over  considerable  districts  have  been  rendered 
thoroughly  crystalline,  the  quartzites  passing  into  fine  gneissic  rocks, 
and  the  mica-slates  into  mica-schists.  Following  Campbell,  they  are 
divided  into  a  lower  or  quartzite  group,  11,000  feet  thick,  and  an  upj)er 
or  graphitic  and  ferruginous  slate  group,  about  4,000  feet  thick.  The 
first  of  these,  while  in  the  main  quartzite,  is  interstra titled  with 
numerous  bands  of  slates  and  one  or  two  of  conglomerate.  The  Cam- 
brian rocks  are  greatly  disturbed  from  their  original  horizontally, 
being  folded  into  a  series  of  sharp  parallel  undulations.  In  the 
more  altered  portions  the  planes  of  bedding  are  not  easily  distin- 
guished from  those  of  slaty  cleavage,  the  latter  often  being  more  dis- 
tinct. The  rocks  are  referred  to  the  Cambrian  upon  the  evidence  of  a 
single  fossil,  Eophyton.  The  group  is  analogous  in  some  respects  to 
Lawson's  lake  of  the  Woods  series.  The  granites  are  found  to  cut  the 
Cambrian  rocks  at  many  places,  and  at  times  are  associated  with 
gneisses.  At  the  edge  of  large  masses  the  granite  frequently  passes 
into  a  foliated  schistose  rock,  losing  its  crystalline  texture,  and  itself 
passing  insensibly  into  the  altered  sedimentary  rocks. 

Dawson  (Sir  William)65,  in  1888,  places  the  isolated  rocks  of  St. 
Anns,  mountain  in  the  lower  Lauren tian,  and  regards  it  as  probable 
that  rocks  of  this  kind  exist  in  the  northern  extremity  of  the  island. 
In  Nova  Scotia  proper  no  true  Laurentian  is  recognized,  the  rocks  here 
referred  by  other  observers  being  intrusive  granite  masses  of  much 
later  date  associated  with  altered  rocks. 

SUMMARY  OF   RESULTS. 

In  Nova  Scotia  and  Cape  Breton,  as  in  southern  New  Brunswick,  is 
a  great  variety  of  eruptive  and  intrusive  rocks,  both  basic  and  acid,  and 
of  varying  age.  It  is  also  plain  that  there  is  to  be  here  included  con- 
siderable masses  of  rocks  which  were  in  early  days  referred  to  the  Lau- 
rentian. The  intrusive  character  of  the  granites  was  appreciated  by 
Jackson  as  early  as  1832.  Since  that  time  the  only  observer  who  has 
not  agreed  with  this  conclusion  is  Hind,  who  strongly  maintains  that 
they  are  metamorphosed  sediments.  His  facts,  however,  clearly  dis- 
tinguishable from  his  theory,  point  to  an  eruptive  origin  of  the  granite. 
The  chief  fact  cited  in  favor  of  their  being  water- deposited  rocks  is  the 
presence  of  roundish  fragments  of  slates,  quartzites,  and  schists  remote 
from  the  contacts  with  these  rocks.  All  the  other  facts  given  by  him — 
i.  e.,  the  irregular  fashion  in  which  the  granite  veins  intrude  the  schists,- 
the  abundance  of  large  angular  fragments  of  these  schists  and  slates 
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adjacent  to  the  sedimentary  rocks — are  better  explained  by  regarding 
the  granite  as  intrusive.  The  natural  explanation  of  the  rounded  bowl- 
ders remote  from  the  contacts  is  that  they  represent  partially  absorbed 
pieces  of  these  rocks.  The  evidence  given  by  Dawson  as  to  the  struc- 
tural relations  of  the  granite  and  the  manner  in  which  the  granite  fades 
off  into  the  slates,  mentioned  by  Faribault,  is  wholly  conclusive  as  to 
the  intrusive  origin  of  a  portion  of  the  granites.  The  relations  thus 
described  by  Faribault  are  precisely  like  those  which  obtain  between 
the  granites  and  intruded  metamorphosed  schists  in  the  Black  hills 
and  about  Rainy  lake  and  lake  of  the  Woods. 

While  it  is  thus  certain  that  large  areas  of  granite  and  felsite  are  in- 
trusives  of  later  age  than  the  rocks  which  are  certainly  of  clastic  ori- 
gin, it  does  not  follow  that  a  portion  of  the  felsites,  porphyritic  gneisses 
and  granites  are  not  of  earlier  age  than  any  of  the  plainly  clastic  rocks. 

It  is  of  interest  to  note  that  while  Dawson  insists  that  all  of  the 
granites  of  Nova  Scotia  proper  are  of  truly  Hypogene  origin  of  later 
age  than  the  sedimentaries,  that  he  suggests  that  it  is  not  improbable 
that  they  have  themselves  been  produced  by  the  actual  fusing  of  these 
sedimentaries.  This  hypothesis  is  the  same  as  that  proposed  by  Law- 
son  many  years  later  to  explain  analogous  phenomena  between  the 
granites  and  gneisses  and  the  associated  schists  and  elastics  of  Rainy 
lake  and  the  lake  of  the  Woods. 

In  considering  the  positions  and  successions  of  the  plainly  clastic 
rocks  of  cape  Breton  and  Nova  Scotia,  we  have  two  geological  prov- 
inces: the  first  including  northern  Nova  Scotia  and  cape  Breton,  which 
is  analogous  to  southern  New  Brunswick;  and,  second,  the  main  part 
of  Nova  Scotia,  south  of  the  line  running  from  Minas  basin  to  Cheda- 
bucto  bay. 

In  the  second  of  these  regions,  aside  from  the  granites,  the  only  area 
that  is  of  interest  in  connection  with  our  study  is  the  gold-bearing  At- 
lantic coast  series.  Dawson  in  1850  places  this  as  Lower  Silurian 
or  pre- Silurian.  Later,  m  his  Acadian  Geology,  it  is  classified  as 
Lower  Silurian,  although  it  is  stated  that  no  fossils  are  found  in  them. 
Later  it  was  placed  by  Faribault  as  Lower  Cambrian.  The  only 
evidence  cited  by  him  for  placing  it  in  the  fossiliferous  series  at  all 
is  the  presence  of  the  obscure  fossil  Eophyton,  discovered  by  Selwyn. 
Dawson  found  no  fossil  evidence  for  his  reference  of  this  series  to  the 
Silurian;  and  it  is  remarked  by  Silliman  that  immediately  overlying 
rocks  containing  fossils  have  never  been  found.  Although  Hind  in 
1870  says  that  the  fossiliferous  Upper  Silurian  conformably  overlies  the 
gold-bearing  series,  this  statement  has  been  found  nowhere  else  and 
subsequent  observers  have  not  repeated  it,  so  that  it  maybe  considered 
very  doubtful. 

It  is  then  clear  that  the  position  of  the  gold-bearing  slates  in  the 
Lower  Silurian  or  Lower  Cambrian  is  purely  provisional.  They  can 
only  be  considered  as  certainly  belonging  here  under  the  premise  that 
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we  lire  to  place  in  the  Cambrian  all  rocks  which  con  tain  well  recognized 
fossils  or  show  the  evidence  of  life.  Similar  reasoning  would  place  in  the 
Cambrian  a  large  part  of  the  rocks  which  have  heretofore  been  referred 
to  the  Animikie  and  the  Huronian  in  the  lake  Superior  region.  This 
question  is  more  fully  discussed  in  another  place.  We  know  positively 
only  that  the  gold-bearing  series  is  pre-Oarboniferous,  as  the  Carbonifer- 
ous rocks  are  the  oldest  found  in  contact  with  the  former.  Between 
these  two  is  a  great  unconformity.  How  much  time  this  break  repre- 
sents we  have  at  present  no  means  of  judging. 

Dawson  is  uncertain  whether  the  more  crystalline  mica-schists  and 
gneisses,  which  have  a  somewhat  widespread  occurrence  in  .southern 
Nova  Scotia,  are  to  be  regarded  as  older  than  the  gold-bearing  slates. 
Hind,  in  1870,  maintained  that  a  set  of  older  schists  and  gneisses  lie 
unconformably  below  the  slates  on  the  Windsor  and  Halifax  railway. 
Not  only  this,  but  that  this  set  of  schists  and  gneisses  is  unconformably 
above  another  series  which  he  referred  to  the  Laurentian.  As  no  sub- 
sequent observer  has  mentioned  the  first  of  these  unconformities,  and 
as  it  occurs  at  so  readily  accessible  a  place,  it  may  well  be  considered 
doubtful  whether  the  facts  were  rightly  interpreted.  As  suggested  b$ 
Faribault,  it  does  not  appear  at  all  improbable  that  the  gneisses  asso* 
ciated  with  the  gold-bearing  slates  are  due  to  dynamic  and  contact 
metamorphism  of  the  intruding  granite.  The  coarsely  crystalline  rocks 
which  Hind  referred  to  the  Laurentian  are  certainly  the  series  which 
Dawson  and  other  observers  regard  as  later  granitic  eruptions,  and  the 
unconformity  mentioned  is  perhaps  an  eruptive  unconformity. 

In  northern  Nova  Scotia  and  in  cape  Breton,  among  the  rocks  referred 
to  the  pre-Cambrian  there  is  a  great  variety  of  rocks  both  eruptive  and 
sedimentary.  The  sedimentaries  are  frequently  much  more  metamor- 
phosed than  are  the  gold-bearing  series  of  Nova  Scotia.  With  com- 
mendable caution  Eobb,  in  1876,  only  says  of  this  older  series  that  it 
is  pre-Carboniferous.  Later,  Fletcher,  on  lithological  grounds,  corre- 
lated it  with  the  Laurentian  of  Canada,  and,  like  the  original  area  oJ 
the  Laurentian,  the  Ottawa  rocks,  he  divided  it  into  an  Upper  anc* 
Lower  Laurentian,  the  lower  consisting  of  various  massive  and  lamina 
ted  rocks  all  presumably  of  igneous  origin  whatever  their  age,  and  tin 
upper  series,  including  all  limestones,  sandstones,  slates,  conglomer 
ates — that  is,  all  which  are  certainly  clastic  in  character.  Associatec 
with  this  upper  series  are  eruptives  of  the  same  character  as  those  foun( 
in  the  Lower  Laurentian. 

These  two  parts  of  the  Laurentian  were  first  described  as  in  appaii 
ent  conformity,  but  in  1881  Fletcher  describes  them  as  probably  uncon 
forinable.  The  detailed  evidence  for  this  conclusion  it  has  not  beei 
possible  fully  to  give  in  the  foregoing  summary,  but  a  close  scrutiny  o 
the  evidence  seems  to  point  more  strongly  toward  the  later  intrusiy 
character  of  the  so-called  Lower  Laurenttftn.  The  lines  of  contact  be- 
tween  the  Lower  and  Upper  Laurentian  are  very  irregular,  and  in  get 
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era]  arc  found  at  a  lower  level  than  the  Upper  Laurentian,  but  both  of 
these  would  be  true  if  the  Lower  Laurentian  were  intrusive.  The  man- 
ner in  which  the  syenite  passed  into  the  foliated  gneiss,  and  the  foliated 
gneiss  into  the  ordinary  schist  associated  with  the  elastics  at  Dallas 
brook,  appear  to  indicate  the  intrusive  character  of  the  supposed  Lower 
Laurentian  at  this  place.  It  is  very  strange  that  basal  conglomerates 
have  not  been  found  in  the  upper  series  which  bear  fragments  of  the 
underlying  one,  if  the  former  is  really  newer  and  unconformable.  The 
mterstratiiied  syenites,  diorites,  etc.,  placed  with  the  limestone  series  are, 
without  question,  igneous  rocks.  So  that  there  can  be  no  doubt  that 
many  rocks  of  the  same  character  as  the  so-called  Lower  Laurentian 
are  igneous  and  later  than  the  clastic  series,  which  makes  it  probable 
that  much  of  this  so-called  lower  series  is  of  the  same  age.  While  all 
of  this  is  true,  as  before  remarked,  it  is  not  certain  that  a  portion  of 
the  so-called  Lower  Laurentian  may  not  be  of  greater  age  than  the 
clastic  Upper  Laurentian  rocks. 

The  gold-bearing  series  referred  to  the  Cambrian  in  southern  Nova 
Scotia  are  nowhere  found  in  contact  with  the  pre-£)ainbrian  of  northern 
Nova  Scotia  and  cape  Breton.  As  has  been  said,  we  only  know  that 
the  gold-bearing  slates  are  unconformably  below  the  Carboniferous.  The 
supposed  pre-Cambrian  rocks  of  northern  Nova  Scotia  and  cape  Breton 
are  known  only  to  be  unconformably  below  the  Cambro  Silurian.  In 
this  district  not  only  are  the  igneous  rocks  apparently  more  abundant 
than  in  southern  Nova  Scotia,  but  the  folding  is  of  a  more  intricate 
character.  So  far  as  one  can  see,  there  is  no  evidence  that  the  clastic 
series  to  the  north  is  not  of  the  same  age  as  the  Atlantic  coast  gold- 
bearing  series,  being,  perhaps,  more  metamorphosed  because  of  the  fold- 
ing and  presence  of  eruptive  rocks. 

Summing  up,  it  can  only  be  said  that  all  of  the  clastic  rocks  of  Nova 
Scotia  and  cape  Breton,  so  far  as  we  have  any  positive  evidence,  may 
belong  as  high  as  Cambrian,  as  stated  by  Fletcher  in  his  later  work,  or 
may  be  of  pre-Cambrian  age  and  the  equivalent  of  certain  one  or  more 
of  the  pre-Cambrian  series. 

SECTION   VI.      NEWFOUNDLAND. 
LITERATURE. 

Jukes,06  in  1843,  divides  the  lower  formations  of  Newfoundland  in 
descending  order  into  an  upper  slate  formation,  a  lower  slate  forma- 
tion, and  a  gneiss  and  mica  slate  formation.  The  igneous  rocks  con- 
sist of  various  kinds  of  tra}),  greenstone,  serpentine,  hypersthene,  por- 
phyry, syenite,  and  granite.  The  upper  slate  formation  is  believed  to 
be  lower  than  the  coal  formation,  although  nowhere  found  in  contact 
with  it.  The  thickness  of  the  upper  slate  must  be  many  hundreds  of 
feet.  In  one  instance  beds  of  upper  slate  rest  unconformably  upon 
those  of  the  lower  slate  formation.    The  mica  slate  and  gneiss  or  quartz 
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rock,  chlorite  slate,  and  primary  limestone  occur  together.  Nearly  the 
whole  of  the  province  of  Avalon  is  composed  of  the  lower  slate  forma- 
tion. On  Conception  bay  at  several  places  beds  of  variegated  slate 
overlap  and  cover  the  edges  of  the  lower  slate  in  a  perfectly  uncon- 
formable position. 

On  Newell's  island  the  junction  of  the  gneiss  and  mica-slate  with  the 
granite  is  found.  The  mica-slate  in  approaching  the  granite  becomes 
more  crystalline  and  gneiss-like  in  certain  layers.  On  continuing  to 
approach  the  granite  there  appear  thin  beds  of  granite,  which  are  not 
veins  from  the  granite  but  an  integral  part  of  the  beds.  The  granite 
becomes  more  abundant  in  getting  toward  the  main  mass  of  this  rock, 
the  alternations  increasing  in  frequency,  until  after  passing  over  the 
edges  of  many  beds,  the  red  and  flesh-colored,  perfectly  crystalline 
granite,  with  no  appearance  of  any  lamination  or  bedding  whatever,  is 
imperceptibly  reached.  In  the  granite  itself,  for  some  distance  from 
the  junction,  nodular  masses  of  black  rock,  consisting  of  minute  scales 
of  mica  were  observed.  In  other  places  the  mica-slate  and  gneisses 
alternate  with  each  other  and  are  cut  by  distinct  granite  veins. 

The  cleavage  of  the  slate  rocks  is  frequently  parallel  to  the  planes  of 
stratification,  but  often  cuts  them  at  all  angles.  The  strike  of  the 
cleavage  is  in  a  great  majority  of  instances  parallel  to  the  strike  of  the 
beds,  but  not  invariably  so.  The  cleavage  is  much  more  constant  as 
regards  its  strike  and  dip  than  is  the  strike  and  the  dip  of  the  beds. 
The  dip  of  the  cleavage  is  never  at  a  less  angle  than  45°,  while  in  the  ma- 
jority of  instances  it  is  nearly  perpendicular.  Its  strike  was  not  in  any 
instance  found  to  vary  more  than  10°  or  15°  from  a  NNE.  and  SSW. 
bearing.  Certain  of  the  granites  are  newer  than  the  mica- slate  and 
gneiss.  Also  some  of  the  porphyritic  granite  is  more  modern  than  some 
of  the  shales.  In  other  cases  the  red  igneous  rock,  generally  the  syen- 
ite, is  in  all  probability  one  of  the  oldest  rocks  in  the  country,  as  no 
veins  were  observed  to  proceed  from  it  into  the  adjoining  formations, 
and  a  rounded  pebble  of  a.precisely  similar  rock  is  found  in  a  bed  be- 
longing to  the  older  slate  formation  in  Great  Plaeentia. 

Murray,07  in  1865,  describes  the  geology  of  the  northeastern  part  of 
Newfoundland.  Here  is  found  a  Laurentian  group,  which  consists 
mostly  of  gneisses,  but  contains  in  places  layers  of  mica-slate  and  whitish 
quartzite.  These  rocks  are  placed  in  the  Laurentiau  because  they  have 
a  lithological  resemblance  to  the  Laurentian  of  Canada,  and  because 
they  are  covered  unconformably  by  the  Lower  Silurian  strata .  No  crys- 
talline limestones  such  as  are  associated  with  the  Laurentian  of  Canada 
are  found  inter  stratified  with  the  gneisses.  The  rocks  of  the  overlying 
Potsdam  and  Quebec  group  are  fossil  iferous. 

Murray,68  in  1868,  gives  an  account  of  a  part  of  the  coast  of  Notre 
Dame  bay.  A  section  of  rocks  in  this  locality  consisting  of  slates, 
quartzites,  dolomites,  with  various  eruptives,  is  referred  in  part  to  the 
Quebec  group.    Among  the  intrusives  are  syenite  and  diorite.    At 
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Lascie  harbor  the  rocks  are  mainly  gneiss,  resting-  uncomformably  upon 
which  is  a  great  mass  of  unstratified  quartzite. 

Murray,69  in  1868,  treats  of  the  peninsula  of  Avalon.  Here  is  found 
a  gneiss  which  is  referred  to  the  Laurentian.  Intermediate  between 
this  gneiss  and  the  Lower  Silurian  strata  is  a  great  thickness  of  slates 
and  quartzites,  which  are  referred  to  the  Huronian.  Besting  uncon- 
formably  upon  these  rocks  are  others  containing  Potsdam  fossils. 

In  the  Laurentian  are  placed  the  gneisses  of  Conception  bay,  the 
masses  of  granite,  syenite,  and  porphyries  of  St.  Johns  peninsula  de- 
scribed by  Jukes,  and  the  granites  of  Placentia  bay  and  Sound  island. 
These  rocks  are  like  those  referred  to  the  Laurentian  in  the  great  north- 
ern peninsula.  The  intermediate  system  consists  of  diorites,  quartzites, 
slate  conglomerates,  slate  and  sandstone,  the  whole  series  in  Concep- 
tion bay  being  over  11,000  feet  thick.  This  series  resembles  lithologi- 
cally  the  Huronian  system  of  Canada  in  a  high  degree,  although  it  may 
be  admitted  that  lithological  relations  are  of  secondary  importance  in 
correlating  rocks  which  are  remote  from  each  other.  In  one  member  of 
the  group  is  a  fossil,  designated  as  Aspidella,  of  alow  order  of  existence, 
which  leads  to  the  conclusion  that  the  system  is  probably  Cambrian.  This 
series  of  rocks  occupies  by  far  the  greater  x^art  of  the  peninsula  of  Ava- 
lon. The  lower  rocks  in  all  cases  pitch  at  a  very  high  angle  to  the  hori 
zon,  the  prevailing  inclination  being  to  the  eastward,  while  the  upper 
formation,  except  where  disturbed  by  eruptives,  is  either  in  a  perfectly 
horizontal  attitude  or  only  slightly  inclined.  The  lower  series  is  also 
marked  for  its  general  absence  of  lime,  while  the  upper  formation  is 
nearly  all  more  or  less  calcareous.  Further,  the  Potsdam  rocks  were 
found  to  overlie  iincomformably  the  lower  slates  at  Manuels  brook  and 
at  Brigus  South  Head.  The  Nova  Scotia  gold-bearing  rocks  are  litho 
logically  like  the  system  referred  to  the  Huronian  in  Newfoundland, 
although  they  have  been  referred  to  the  Lower  Silurian. 

Murray,70  in  1870,  finds  the  rocks  of  Bonavistabay  to  consist  largely 
of  slates,  slate-conglomerates,  quartzites,  and  diorites,  intersected  by 
intrusive  granite  or  syenite,  trap,  and  quartz  veins.  This  series  has 
such  a  close  lithological  resemblance  to  the  intermediate  system  of 
Avalon  that  there  is  no  doubt  of  their  identity.  These  rocks  also  occur 
between  the  gneiss  and  the  Paleozoic  formations  of  Trinity  bay. 

Howley/1  in  1870,  describes  sundry  parts  of  the  coast.  The  rocks 
of  cape  Ray  and  the  extreme  head  of  Conception  bay  are  of  a  gneissoid 
character.  Granite,  syenite  and  trap  are  interbanded  with  quartzite. 
Upon  Great  Miquelon  island  is  found  gneiss,  supposed  to  be  of  Lauren- 
tian age.  Greenstones  and  granite  break  at  various  places  through  the 
stratified  rocks. 

Murray,72  in  1873,  gives  a  further  account  of  the  Avalon  peninsula. 
The  line  of  contact  between  the  Huronian  and  more  recent  rocks  in 
Trinity  bay  is  obscure  and  difficult  to  detect,  and  here  Aspidella  is  very 
useful  in  deciding  to  which  series  the  rocks  belong.     The  rocks  on  the 
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wesl  coast  of  Trinity  bay  arc  correlated  with  the  Huroniau  on  litholog- 
ical  evidence.  The  rocks  here  are  in  some  respects  different  from  those 
on  St.  Johns  peninsula,  bnt  this  difference  seems  to  be  due  to  the  in- 
tense volcanic  activity  which  has  affected  the  western  part  of  Avalon. 
Dikes  of  various  kind  intersect  the  formation,  and  the  strata  arc  in 
places  volcanic  conglomerates,  volcanic  ashes,  etc.  The  rocks  of  Brigne, 
described  in  the  report  for  1868,  are  found  to  contain  several  beds  which 
are  crowded  with  Aspidella. 

Murray,73  in  1873,  finds  gneissic  rocks  at  several  localities  in  St. 
Georges  bay.  Associated  with  these  are  labradorite  and  other  anortho 
site  rocks  which  belong  to  the  upper  Lanrentian  system.  Also,  on  the 
Great  Oodroy  river  is  found  white  crystalline  limestone  with  graphite, 
which  is  regarded  as  a  further  indication  of  the  presence  of  this  divi- 
sion of  the  Lanrentian. 

Murray,74  in  1875,  finds  on  Gander  lake  micaceous  slate,  fine  grained 
granite,  and  gneiss,  which  are  correlated  with  the  Lanrentian  gneiss  of 
Bona  vista  bay. 

Howley,75  in  1877,  further  examines  Gander  lake  and  river  and  finds 
chlorite- slates,  diorites,  and  mica-slates  which  contain  no  organic  remains, 
and  which  on  account  of  their  lithological  character  and  the  serpentine 
they  contain  are  provisionally  placed  with  the  Quebec  group.  Upon 
the  upper  Gambo  pond  and  Riverhead  brook  are  found  sandstones  and 
quartzites  which  at  some  places  pass  almost  imperceptibly  into  gneiss, 
which  rocks,  with  the  associated  micaceous  slates,  are  provisionally 
placed  with  the  Huronian. 

Howley,™  in  188-},  further  describes  the  intermediate  system  of  Hu- 
roniau rocks.  These  metamorphic  rocks  occupy  the  greater  part  of  the 
peninsula  of  Avalon.  They  rest  upon  a  nucleus  of  Lanrentian  gneiss 
and  are  succeeded  by  fossiliferous  beds  of  the  Primordial  age  which 
skirt  the  shores  of  the  bays  and  are  found  to  rest  unconformably  on 
the  basset  edges  of  the  upturned  and  altered  Huroniau,  and  occasion- 
ally in  contact  with  the  still  older  Lanrentian.  The  intermediate  rocks 
are  found  to  be  gently  folded  so  that  the  same  strata  are  repeated  sev- 
eral times.  Associated  with  these  Huroniau  rocks  are  trappean  beds 
and  volcanic  ash.  Contained  in  them  are  found  two  fossils,  Aspidella 
terranovioa  and  Arenicolites  spirales.  This  latter  fossil  is  said  tooccur 
in  the  Primordial  rocks  of  Sweden.  These  fossils  give  important 
assistance  in  the  ready  recognition  of  the  Huronian.  The  gneissic 
rocks  which  have  been  described  as  being  members  of  the  Lanrentian 
system  protrude  through  the  Huroniau  strata  by  which  they  are  sur- 
rounded. Gutting  the  Huroniau  rocks  is  found  a  series  of  granitoid 
and  other  plutonic  rocks  which  obliquely  intersect  the  eastern  part  of 
the  peninsula,  including  the  Laurentian  gneiss.  A  second  great  igne- 
ous intrusion  cuts  all  of  the  rocks  of  the  western  part  of  the  peninsula, 
including  the  Potsdam  sandstone.  The  intrusions  of  the  eastern  pe'- 
ninsula  are  taken  to  be  of  older  date  than  the  trap  of  the  western  penin 
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sula,  although  probably  later  than  Huronian,  as  the  former  is  never 
found  to  cut  the  Potsdam  sandstone. 

Walcott,77  in  1889,  corroborates  the  unconformity  between  the 
series  referred  by  Murray  to  the  Huroniau  and  the  overlying  series 
called  Potsdam.  This  latter  is  found  to  contain  the  Olenellus  fauna 
below  the  Paradoxides  and  is  placed  as  lower  Cambrian. 

SUMMARY   OF   RESULTS. 

The  reports  of  Jukes  and  Murray  are  far  more  complete  as  to  the 
geology  of  the  peninsula  of  Avalon  and  the  district  immediately  to  the 
west  than  they  are  of  the  great  northern  peninsula.  The  inap  of  this 
latter  area  is  greatly  generalized. 

The  unconformity  described  between  the  Upper  and  Lower  slate  of 
Jukes  is  evidently  the  same  as  that  found  by  Murray  between  his  Pots- 
dam and  Huronian.  The  Potsdam  was  later  determined  by  Walcott  to 
be  basal  Cambrian. 

It  is  perfectly  clear  that  in  Newfoundland,  and  particularly  in  Avalon 
and  southeastern  Newfoundland  proper,  is  a  great  series  of  fragmen- 
tal  rocks  unconformably  below  a  series  bearing  the  Olenellus  fauna. 
This  series  is  of  great  thickness,  probably  more  than  10,000  feet.  In 
certain  layers  it  carries  obscure  fossils  which,  according  to  Walcott,  are 
of  an  earlier  form  than  those  of  the  Cambrian.  It  then  follows  that  in 
this  region  we  have  a  pre-Cambrian  series  of  rocks  bearing  a  small  fauna 
of  a  rudimentary  type.  This  result  is  very  important  as  giving  a  start 
toward  a  fauna  which,  whatever  the  series  in  which  it  is  found  shall  be 
called,  is  greatly  older  than  that  now  recognized  as  basal  Cambrian. 
Whether  the  series  shall  be  called  Huronian,  as  is  done  by  Murray,  de- 
pends upon  the  definition  of  that  term.  If  all  pre-Cambrian  clastic 
series  are  to  be  placed  in  the  Huronian,  this  series  can  be  said  to  belong 
to  that  age,  but  if  only  those  rocks  are  to  be  here  placed  which  are  the 
equivalent  of  those  referred  to  that  term  on  the  north  shore  of  lake 
Huron,  we  have  as  yet  no  means  of  determining  whether  the  Newfound- 
land series  is  Huronian  or  not. 

The  relations  of  the  series  referred  to  the  Huronian  with  the  granites, 
gneisses  and  schists  which  are  placed  with  the  Lauren tian  are  far  less  sat- 
isfactorily known.  Nowhere  is  anything  said  as  to  any  structural  breaks 
between  these  two  series,  and  evidently  the  lines  between  the  so-called 
Laurentian  and  Huronian  are  based  upon  a  very  general  study.  Jukes, 
Murray  and  Howley  agree  that  in  Avalon  and  in  other  parts  of  Newfound- 
land arelarge  areas  of  eruptive  rocks,  including  both  basic  and  acidkinds, 
which  cut  the  various  sedimentaries.  Murray  does  not  find  that  the  Cam- 
brian of  Avalon  is  cut  by  granites  and  porphyries,  but,  according  to 
Jukes,  in  other  parts  of  Newfoundland  this  is  the  case.  However,  both 
basic  and  acid  eruptives,  including  granites,  syenites  and  porphyries, 
are  found  to  cut  in  the  most  intricate  manner  the  pre-Cambrian  sedimen- 
taries, and  as  a  result  of  this,  this  series  is  found  to  be  more  than  usually 
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metamorphosed  in  the  area  between  Trinity  and  Bonavista  bays.  The 
peculiar  manner  in  which  the  granitic  rocks  vary  into  the  slates  by 
gradual  interlaminations,  combined  with  the  occurrence  of  fragments 
of  the  schists  within  the  granite,  so  well  described  by  Jukes  and  cor- 
roborated by  Howley,  indicate  that  a  large  part  of  the  rocks  referred  to 
the  Laurentian  are  certainly  intrusive,  and  that  the  more  crystalline 
character  of  the  clastic  formations  adjacent  to  them  are  due  to  meta- 
morphism.  It  is  then  by  no  means  clear  that  within  Avalon  are  any 
rocks  of  sedimentary  origin  older  than  the  series  referred  to  the  Huro- 
nian,  although  the  fact  mentioned  by  Jukes  of  a  single  bowlder  of  syen- 
ite in  the  older  slate  series  indicates  the  probability  of  a  pre-Huronian 
syenitic  or  gneissic  series.  At  present  we  have,  however,  no  means  of 
judging  what  part  of  the  rocks  referred  to  the  Laurentian  are  later  in- 
trusives  and  what  part,  if  any,  are  older  than  the  pre- Cambrian  clastic 
series. 

As  to  the  rocks  referred  to  the  Upper  Laurentian  because  of  the  pres- 
ence of  anorthosite  rocks  and  limestones,  the  question  arises  as  to 
whether  the  crystalline  limestones  associated  with  the  gneisses  are  not 
of  later  age  than  supposed,  being  perhaps  more  metamorphosed.  The 
associated  anorthosite — that  is,  a  probably  eruptive  rock — may  be  an 
explanation  of  this  metamorphism.  If  the  presence  in  Newfoundland 
of  a  Lower  Laurentian  is  doubtful,  it  is  much  more  doubtful  whether 
here  an  upper  series  of  fragmental  rocks  has  been  shown  to  exist  which 
are  older  than  the  pre-Cambrian  series  referred  to  the  Huronian. 

The  observations  made  by  Jukes  as  to  the  relations  of  slaty  cleavage 
and  bedding  are  of  the  greatest  interest  and  importance.  The  strike 
of  the  cleavage  is  in  a  great  majority  of  instances  parallel  to  the  strike 
of  the  beds,  but  not  invariably  so.  The  cleavage  is  much  more  con- 
stant as  regards  its  strike  and  dip  than  is  the  strike  and  the  dip  of  the 
beds.  The  dip  of  cleavage  is  never  at  a  less  angle  than  45°,  while  in 
the  majority  of  instances  it  is  nearly  perpendicular. 
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CHAPTER   V. 

ISOLATED  AREAS  OF  THE  MISSISSIPPI  VALLEY. 

SECTION  I.   THE   BLACK  HILLS. 

LITERATURE. 

Hayden,1  in  1862,  states  that  the  nucleus  of  the  Black  hills  consists 
of  red  feldspathic  granites,  with'stratified  metamorphic  Azoic  slates  and 
schists,  upon  which  rests  unconformably,  forming  a  zone  around  the 
ellipsoidal  nucleus,  a  series  of  reddish  ferruginous  sandstones,  which 
by  their  organic  remains  are  shown  to  belong  to  the  Potsdam.  In  the 
Potsdam  are  found  as  pebbles  the  different  varieties  of  the  changed 
rocks  beneath. 

Hayden,2  in  1863,  describes  the  Black  hills  as  an  outlier  of  the  Rocky 
mountains.  They  are  formed  of  a  granite  nucleus  surrounded  by  a 
series  of  Azoic  highly  metamorphosed  strata  standing  vertical,  and 
comprise  slates,  gneiss,  syenite,  quartzose  and  calcareous  rocks. 

Hayden,3  in  1872,  describes  the  Black  hills  as  being  the  most  com- 
plete illustration  of  an  anticline  not  complicated  by  any  other  influences 
that  he  has  found  in  the  west.  The  nucleus  is  a  massive  feldspathic 
granite  with  a  series  of  gneissic  beds  outside  of  it,  which  incline  in 
every  direction  from  this  nucleus  in  a  sort  of  narrow  oval  quaquaversal, 
and  include  all  the  unchanged  beds  known  in  this  portion  of  the  West 
from  the  Potsdam  sandstones  to  the  top  of  the  Tertiary  lignites. 

Winchell,4  in  1875,  describes  in  the  Black  hills,  below  the  Primor- 
dial sandstones  and  quartzites,  a  series  of  mica-slates  and  mica- *<•! lists 
which  contain  intercalated  beds  of  quartz.     These  rocks  often  stand 
nearly  vertical.     In  the  neighborhood  of  the  granite  areas  they  arjB 
interstratined  with  beds  of  true  granite,  and  with  this  granite  is  found 
tourmaline.    The  granite  area  is  near  the  southern  part  of  the  hills  and 
f  this  Harney  peak  may  be  taken  as  a  center. 
Newton,5  in  1880,  gives  a  systematic  account  of  the  Black  hills  of 
)akota.    The  Black  hills  is  a  geological  area  which  is  admirably  cir- 
aimscribed.    They  consist  of  a  nucleal  area  of  metamorphic  slates  and 
schists  containing  masses  of  granite,  about  which  is  an  inward  facing 
unconformable  escarpment  of  Potsdam  sandstone  and  Carboniferous 
imestone  which  dip  away  on  all  sides  from  the  axis  of  the  hills.     The 
Irchean  rocks  as  a  whole  occupy  an  area  of  about  850  square  miles, 
eing  about  60  miles  long  and  25  miles  wide  at  its  maximum.     At  mi- 
erous  points  within  the  hills  are  centers  of  volcanic  eruption  of  an  age 
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probably  coincident  with  the  elevation  of  the  mountains.  It  is  impossi- 
ble to  estimate  with  any  degree  of  accuracy  the  thickness  of  the  Archean 
schists,  as  they  are  highly  inclined  and  distorted,  and  in  their  present 
metamorphosed  and  denuded  condition  it  can  not  be  determined  whether 
they  are  the  remnants  of  several  great  folds  or  whether  they  are  the 
broken  strata  of  one  vast  fold,  though  the  latter  seems  to  be  the  more 
probable  structure 5  in  which  case  the  total  thickness  of  the  Archean 
strata  must  be  more  than  100,000  feet,  about  25  miles.  The  examina- 
tion showed  no  evidence  of  the  duplication  of  any  parts  of  the  Archean 
strata,  and  it  is  presumed,  if  a  repeated  folding  has  taken  place,  that  it 
did  not  occur  within  the  area  exposed  in  the  hills. 

The  Archean  sedimentaries  are  divided  into  two  groups,  schists  and 
slates.  The  schists  include  quartzose,  garnetiferous,  ferruginous  and 
micaceous  varieties,  together  with  some  gneiss,  chloritic,  talcose,  and 
hornblendic  schists,  and  quartzite.  The  schists  are  occasionally  stau- 
rolitic.  The  whole  series  is  coarse  in  texture,  highly  crystalline,  and 
contains  seams  or  veins  of  quartz  conformable  with  the  stratification 
and  having  a  lenticular  form.  The  slates  are  distinguished  from  the 
schists  mainly  by  their  fine  and  compact  texture,  although,  as  shown 
by  Caswell,  their  ultimate  mineral  composition  is  similar.  They  are 
mainly  micaceous  clay-slate,  siliceous  slate  and  quartzite,  which  are 
sometimes  associated  with  specular  oxide  of  iron.  On  Box  Elder  creek 
is  a  ridge  400  feet  in  height,  which  is  a  vast  deposit  of  siliceous  hema- 
tite and  resembles  the  siliceous  hematites  of  the  lake  Superior  region- 
The  quartzites  of  the  two  classes  are  similar.  The  mica-schist  passes 
into  chlorite-schist,  siliceous  schist  and  quartzite.  The  schists  of  the 
southern  part  of  the  hills  are  associated  with  an  area  of  highly  field! 
spathic  granite  which  culminates  in  the  region  of  Harney  peak.  On 
the  outskirts  of  this  district  are  many  smaller  masses  of  granite.  So 
far  as  the  structure  was  made  out,  each  of  the  bodies  has  a  lenticular 
shape  and  is  intercalated  among  the  strata  of  the  schists.  No  granite 
is  found  associated  with  the  slate.  The  general  strike  of  the  rocks  is 
northwest  and  southeast.  The  topography  shows  that  there  is  a  series; 
of  ridges  in  this  direction  which  mark  the  position  of  the  particularly 
hard  layers  such  as  quartzites.  The  schists  are  found  in  the  western 
and  southwestern  parts  of  the  area  and  the  slates  in  the  east  and  north 
east. 

Between  these  two  groups  Jenney  noted  a  distinct  discordance  of  dip 
on  Castle  creek,  but  in  the  absence  of  corroborative  observations  thi 
unconformity  of  the  two  series  can  not  be  insisted  upon.  The  divisio] 
of  the  system  into  two  series  is  then  based  on  lithological  difference 
purely  and  is  warranted  on  this  ground.  The  lithological  difference  is 
however,  more  a  mineral ogical  one  than  chemical,  being  probably  du 
to  a  difference  in  metamorphism.  The  apparent  discordance  discovers 
by  Jenney,  and  this  lithological  difference,  gives  strong  support  to  th 
view  that  the  slate  and  schist  periods  were  separated  by  an  interval 
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time  between  which  there  was  erosion  and  uietamorphism  of  the  lower 
series.  The  granite  is  coarsely  crystalline.  It  is  concluded  that,  be- 
cause of  the  great  amount  of  feldspar  in  the  granite,  because  pieces  of 
schist  are  inclosed  in  it  without  any  transition,  because  the  granite 
masses  in  the  schist  have  a  long  lenticular  shape,  because  of  the  coarse- 
ness and  evenly  granular  character  of  the  granite,  and  because  there  is 
never  any  transition  between  the  schist  and  granite,  the  latter  is 
an  eruptive  rock  in  the  schists.  That  the  Archean  rocks  were  upturned 
and  metamorphosed  before  Potsdam  time  is  shown  by  the  fact  that  the 
basement  conglomerate  of  the  Cambrian  contains  fragments  of  slate, 
schist,  and  granite  precisely  like  the  underlying  rocks. 

Since  the  lithological  character  of  the  Black  hills  Archean  is  the  only 
means  of  judging  their  affinities  it  should  have  some  weight.  The  east- 
ern slate  division  bearing  the  lean  ores  are  very  similar  to  the  Huronian 
rocks  of  the  south  shore  of  lake  Superior  and  Canada.  The  western 
schist  series  containing  granite  masses  differs  from  the  Huronian  and 
from  the  Laurentian  in  that  gneiss,  the  most  characteristic  rock  of  the 
latter,  is  nearly  lacking,  so  that  no  correlations  are  made  further  than 
to  call  the  slate  series  newer  Archean  and  the  schist  series  older 
Archean. 

Blake,6  in  1885,  on  account  of  the  presence  of  staurolite  in  the 
Black  hills  schists,  places  these  formations  as  the  probable  equivalent 
of  the  Coos  group  of  Hitchcock  in  New  Hampshire,  and  it  is  said  that 
there  is  sufficient  breadth  of  formation  to  include  all  the  rocks  from  the 
Huronian  to  the  Coos. 

Crosby,7  in  1888,  finds  that  the  two  groups  of  Archean  as  mapped 
by  Newton  are  quite  sharply  defined  from  each  other.     It  is  said  that 
in  the  eastern  series  of  slates  are  pebbles  which  have  been  quite  cer- 
tainly derived  from  the  harder  rocks  of  the  western  series.     The  strike 
of  the  schists  is  found  to  curve  around  the  granitic  and  gneissic  area 
ind  the  normal  dip  of  the  strata  is  away  from  this  nucleal  granitic 
mass.    A  conglomerate  is  associated  with  the  quartzite  of  the  eastern 
ljate  area,  the  pebbles  of  which  have  suffered  extensive  deformation  by 
jfroinpression.     The  granitic  rocks  of  the  schist  area  do  not  penetrate 
he  slates  of  the  newer  series,  although  this  is  not  devoid  of  eruptive 
ocks.    The  newer  series  of  slates  is  correlated  with  the  Taconian  of 
estern  New  England.    The  conclusion  is  reached  that  the  granite, 
stead  of  being  of  eruptive  origin,  is  peginatitic. 
Carpenter,8  in  1888,  states  that  the  unconformity  supposed  to  exist 
Newton  between  the  eastern  slate  and  western  schist  series  is  sup- 
rted  by  an  observation  upon  Spring  creek  east  of  Hill  city.    A  huge 
ike  of  igneous  rock  a  thousand  feet  broad  in  places  is  described  as 
issing  through  the  entire  length  of  the  eastern  series. 
Van  Hise,9  in  1890,  finds  that  the  prominent  structures  of  the  Black 
lis,  which    have  heretofore  been  taken  as  bedding,  are  secondary 
ructures.     As  evidence  of  this  is  the  fact  that  alternating  bands  of 
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sediments  of  different  characters  are  seen  to  cut  across  the  prominent 
lamination.  Sometimes  these  belts  are  conglomeratic  and  the  pebbles 
are  deformed  by  pressure.  The  longer  axes  of  the  pebbles  are  parallel 
to  the  slaty  or  schistose  structure,  but  the  belts  as  a  whole  cut  across 
this  structure.  The  fact  cited  by  Newton  that  there  are  persistent  belts 
of  quartzite  parallel  with  each  other  also  indicates  duplication  by  fold- 
ing. The  thickness  of  the  Archean  is  then  unknown,  instead  of  being 
more  than  100,000,  as  supposed  by  Newton.  The  crystalline  schists 
are  in  a  broad  zone  about  the  granite  area,  striking  parallel  to  it  and 
dipping  away  from  it,  and  in  the  northern  hills  there  are  great  quan- 
tities of  later  eruptives.  Granite  is  found  in  the  slate  area  as  mapped 
by  Newton. 

A  study  of  the  boundary  between  the  slate  and  schist  series  leads  to 
the  conclusion  that  there  is  a  gradation  from  the  slates  to  the  schists 
rather  than  an  abrupt  change.  The  foliation  of  the  schists  about  the 
granite  is  secondary  and  is  caused  by  the  contact  and  dynamic  meta. 
morphism  due  to  the  intrusion  of  the  granitic  rock.  The  effect  hag 
extended  for  several  miles  from  the  main  granite  area.  The  normal 
foliation  of  the  slates  and  schists  is  north  and  south,  and  this  was  pro- 
duced by  foMing  earlier  than  the  intrusion  of  the  granite.  About  the 
granite  area  both  sedimentation  and  this  earlier  foliation  were  de 
stroyed  and  a  more  prominent  newer  foliation  produced.  Also,  in  the 
northern  part  of  the  slates  is  a  considerable  area  about  Dead  wood 
which  .is  now  as  crystalline  as  the  schist  area  of  the  south.  This  b 
taken  to  be  due  to  the  abundant  later  intrusives  here  found.  We 
thus  have  in  this  region  evidence  of  an  original  bedding  which  is  nearly,  | 
obliterated  by  a  prominent  slaty  cleavage,  and  both  of  these  have  beer 
wholly  destroyed  for  considerable  areas  by  a  newer  and  more  promi 
nent  schistose  structure.  The  slates  and  schists  can  not  then  be  di 
yided  into  two  series  with  the  surface  distribution  and  upon  the  litho 
logical  differences  given  by  Newton. 

The  mica-slates,   mica-schists,   and  mica-gneisses  are  found  to  b< 
clastic  rocks,  the  processes  of  change  from  their  original  clastic  com 
dition  to  their  present  crystalline  one  being  traced  out.    Associate 
with  the  clastic  rocks  are  other  green  crystalline  schists  which  an 
metamorphosed  basic  eruptives  which  were  probably  intruded  beforj 
the  earlier  folding  of  the  slates.     Corroborating  Newton's  conclusion' 
it  is  said  that  the  Black  hills  rocks  exhibit  a  remarkable  lithologitJ 
analogy  to  certain  of  the  iron-bearing  series  of  the  lake  Superior  regioj  J.] 
which  in  the  past  have  been  included  under  the  term  Huronian.     Whi 
this  correlation  is  not  beyond  doubt,  there  is  no  question  that  tlies 
series  in  common  belong  to  the  Algonkian. 

SUMMARY    (>K    KKSl'LTS. 

The  summary  of  Newton's  work  is  altogether  unsatisfactory  becau 
of  the  very  large  amount  of  material  contained  in  this  report.    1j 
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descriptions  in  the  original  are  condensed,  and  to  include  nil  which 
bears  upon  structural  relations  would  greatly  extend  the  digesl  given. 
in  the  light  of  the  present  facts  it  would  seem  that  we  have  in  the 
Black  hills  a  set  of  slates  and  schists  as  yet  of  unknown  thickness  and 
undivided  into  series,  although  perhaps  capable  of  subdivision  by  closer 
work.  These  slates  and  schists  have  a  prominent  cleavage  which  is 
independent  of  the  structure.  The  different  parts  of  the  area  vary  in 
degree  of  crystallization,  and  this  crystalline  character  is  due  to  the 
intrusion  of  igneous  rocks;  but,  unlike  ordinary  contact  metamorphism, 
has  extended  from  the  granitic  areas  for  a  distance  of  several  miles. 
For  the  present  we  are  obliged  to  consider  the  whole  as  a  single  series. 
In  the  alternating  slaty  and  quartzose  characters  of  the  rocks,  in  the 
presence  of  siliceous  hematite  and  a  much  folded  condition,  the  present 
structures  being  in  a  vertical  attitude,  they  more  nearly  resemble  the 
Lower  Huronian  of  the  lake  Superior  region  than  any  other  rock  series, 
but  this  is  not  sufficient  warrant  for  the  positive  conclusion  that  the 
two  are  time  equivalents.  The  correlation  of  the  Black  hills  rocks  with 
the  Taconic  on  slight  lithological  evidence  as  is  done  by  Crosby,  or  a 
part  of  them  with  the  Coos  group  on  account  of  the  presence  of  stau- 
rolite,  can  be  considered  as  no  more  than  guesses. 

SECTION  II.  MISSOURI. 

LITERATURE. 

King,  (H.),10  in  1851,  states  that  the  Primitive  formation  is  met  with 
near  a  point  about  70  miles  south  of  St.  Louis  and  -'30  miles  west  of  the 
Misissippi.  It  consists  chiefly  of  granite,  syenite  and  porphyry,  and  rises 
in  cone-like  elevations  or  detached  ridges  to  the  height  often  of  1,000  or 
1,1*00  feet  above  the  level  of  the  Mississippi  river.  Its  sides  and  valleys 
are  frequently  covered  with  sandstone  and  limestone  in  such  quiet  re- 
lationship as  to  show  that  their  deposition  has  taken  place  since  the 
Primitive  rocks  assumed  the  form  they  now  have.  It  is  not  at  all  un- 
usual to  find  portions  or  fragments  of  tfce  older  rocks  imbedded  in  those 
that  are  stratified.  This  occurs  both  in  the  lowest  magnesian  limestone 
and  in  the  overlying  sandstone.  '  The  Primitive  rock  is  broken  through 
by  greenstone  dikes  which  reach  the  surface  of  this  rock,  yet  never 
penetrate  the  overlying  sandstone.  At  Iron  mountain  is  a  layer  of 
specular  oxide  of  iron,  below  which  at  one  place  is  a  stratified  rock 
which  may  have  been  a  modified  granite.  The  iron-ore  deposit  is  often 
in  the  form  of  pebbles  of  various  sizes  up  to  afoot  in  diameter.  In  the 
interstices  of  these  pebbles  is  a  reddish  brown  clay.  The  bed  of  iron 
in  the  thickest  point  opened  is  20  feet.  At  the  summit  of  Pilot  knob 
is  an  immense  mass  of  solid  ore  which  is  associated  with  porphyry  and 
appears  to  pass  by  insensible  gradations  into  that  rock. 

Whitney,11  in  1854,  describes  Iron  mountain  and  Pilot  knob  as 
localities  in  which  are  found  eruptive  ores  of  Azoic  a<re.     Iron  uioiiii- 
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tain  is  a  flattened  dome-shaped  elevation,  composed  of  feldspathi< 
porphyry.  The  surface  of  the  mound  is  covered  with  loose  pieces  ol 
ore,  which  is  in  some  places  in  a  layer  at  least  15  feet  thick.  Pilot  knot 
is  mainly  composed  of  dark  siliceous  rock,  distinctly  bedded,  dipping  tc 
the  south  at  an  angle  of  25°  or  30°.  For  about  two-thirds  of  its  heigld 
of  G50  feet  quartz  rocks  predominate.  Above  that,  iron  is  found  in 
heavy  beds  alternating  with  siliceous  matter. 

Sw allow,12  in  1855,  describes  the  granite,  greenstone,  and  porphyry 
of  Missouri  as  igneous  rocks.  Bed  feldspathic  granite,  sparingly 
micaceous,  occurs  in  Sec.  15,  T.  34  ST.,  R>.  3  E.  Nearly  all  of  the  hills 
and  ridges  in  the  neighborhood  of  Iron  mountain  and  Pilot  knob  arc 
wholly  or  in  part  formed  of  compact  reddish-purple  feldspathic  porphyry. 
The  porphyry  is  one  of  the  oldest  rocks  of  the  state,  but  no  opportunity 
occurred  for  determining  whether  it  is  older  than  the  granite,  although 
there  is  no  doubt  that  it  is  older  than  the  greenstone,  as  the  lattei 
rock  is  said  to  occur  in  dikes  in  the  porphyry.  The  porphyry  is  older 
than  the  stratified  rocks  of  the  region  because  they  are  found  resting 
upon  knobs  and  ridges  of  porphyry  in  a  position  so  nearly  horizontal 
as  to  preclude  the  idea  that  they  were  deposited  before  the  upheaval 
of  the  principal  masses  which  form  the  hills.  Whether  the  slates  inter- 
stratified  with  the  iron  near  the  top  of  Pilot  knob  are  older  is  not 
easily  determined. 

Swallow,  13  in  1859,  states  that  in  one  locality  in  Laclede  and  in  one 
or  two  in  Crawford  county  are  granite  dikes  or  ridges  which  rise 
above  the  stratified  rocks. 

Harrison,  u  in  1868,  describes  two  localities  in  Washington  county, 
where  between  the  horizontal  limestone  and  the  solid  porphyry  are 
conglomerates  consisting  of  water- worn  pebbles  and  bowlders  all  oi 
porpjryry,  cemented  together  by  a  calcareous  matrix.  In  terstra  tilled 
with  the  limestone  are  also  thin  layers  containing  water- worn  porphyry 
pebbles.  It  is  therefore  concluded  that  the  porphyry  hills  existed  as 
such  before  the  Silurian  hills  were  deposited. 

Pumpelly,  15  in  1873,  states  fchat  the  Archean  (Azoic)  rocks  of  south- 
eastern Missouri  form  an  archipelago  of  islands  in  the  Lower  Silurian 
strata  which  surrounds  them  as  a  whole  and  separates  them  from  each 
other.  They  appear  as  knobs  1,400  to  1,800  feet  above  the  sea,  and 
rising  300  to  700  feet  or  more  above  the  valleys.  The  rocks  consist 
chiefly  of  granites  and  felsitic  porphyries.  They  reach  their  most  ex] 
tensive  surface  development  in  the  region  forming  the  northern  part  oj 
Madison,  Iron,  and  Reynolds,  and  the  southern  part  of  St.  Francis  and 
Washington  counties.  This  series  is  the  near  equivalent  in  point  of 
age  to  the  iron-bearing  rocks  of  lake  Superior,  New  Jersey,  and  Swedenj 
The  rocks  overlying  them  belong  to  the  oldest  known  members  of  thd 
Silurian,  but  they  may  be  the  deep-seated  equivalents  of  the  Potsuamj 
sandstone  or  even  older.  Before  the  deposition  of  the  Silurian  the  porl 
phyries  and  granite  had  undergone  an  enormous  amount  of  erosion,  ail 
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amount  at  least  several  times  as  great  as  they  have  suffered  since  that 
remote  time. 

The  surface  of  Iron  mountain  has  disintegrated  and  decomposed  in 
mass,  the  entire  porphyry -hill  being  changed  to  a  clay.  Disintegration 
has  often  taken  place  to  a  depth  of  certainly  more  than  50  feet  in  the 
granites  of  Madison  county.  The  iron  ore  of  Iron  mountain  is  a  resid- 
uary deposit,  having  its  origin  in  the  gradual  removal  of  the  existing 
crystalline  rocks  and  leaving  behind  the  iron  ore. 

Pilot  knob  is  composed  of  more  or  less  massively  bedded  porphyries, 
porphyry-conglomerates,  and  beds  of  hard  specular  ore.  These  strata, 
strike  N.  50°  W.,  and  dip  on  an  average  13°  southwest  by  south.  The 
top  of  the  knob  consists  of  stratified  porphyry  conglomerate  with  a 
thickness  of  140  feet.  This  rock  is  made  up  of  small  and  large,  more 
or  less  angular,  pebbles  of  porphyry  cemented  together  by  iron  ore  and 
containing  frequent  layers  and  bodies  of  ore.  At  the  base  of  this  series 
is  a  great  bed  of  ore  divided  into  two  parts  by  a  thin  slate  seam.  Im- 
mediately below  the  ore  is  porphyry,  which  continues  to  the  base  of 
the  hill. 

The  rocks  forming  the  southwestern  flank  of  Cedar  hill  are  the  exten- 
sion of  the  conglomerates  and  ore  beds  of  Pilot  knob.  Manganese  ores 
are  found  associated  with  the  i)orphyritic  rocks,  and  in  Sec.  16,  T.  33 
N.,  R.  2  E.,  in  Reynolds  county,  the  manganese  ore  is  one  of  the  mem- 
bers of  a  series  of  bedded  porphyries.  At  this  locality  metamorphic 
limestone  is  one  member  of  the  porphyry  series,  but  it  is  now  by  physical 
and  chemical  agents  greatly  changed  from  its  original  condition,  and  is 
very  manganiferous.  Another  member  of  this  same  succession  is  a  por- 
phyry-conglomerate or  breccia,  consisting  of  pebbles  of  red  and  com- 
pact porphyry  containing  grains  of  quartz  and  crystals  of  feldspar,  and 
cemented  by  porphyry  of  a  similar  character.  This  rock  resembles  the 
Caluniet-Hekla  conglomerate  of  lake  Superior. 

Schmidt,10  in  1873,  also  describes  the  iron-ore  deposits  of  Iron  moun- 
tain, Pilot  knob,  Shepherd  mountain,  Cedar  hill,  Buford  hill,  Big  Bogg 
mountain,  Lewis  mountain,  Cuthbertson  bank,  and  Hogan  mountain. 
The  succession  at  Cedar  hill  includes  slates  of  red-banded  porphyry, 
stratified  quartz-porphyry,  slates  of  red  porphyry,  green  porphyry, 
banded  jasper,  and  jasper  with  specular  ore. 

Shumard,17  in  1873,  states  that  granite  is  found  in  Laclede,  Craw- 
ford, and  Ste.  Genevieve  counties. 

Broadhead  and  Norwood,18  in  1874,  describe  granite  and  porphyry 
at  numerous  points  in  Madison  county..  On  the  west  side  of  St.  Fran- 
cois river  in  the  NW.  \  of  KE.  \  Sec.  33,  T.  34  K,  R.  5  E.,  there  is  an 
sxposure  of  sandstone  and  conglomerate  resting  directly  on  the  granite. 

Haworth,19  in  1888,  states  that  the  Archean  area  of  Missouri  covers 
n  irregularly  outlined  portion  of  no  less  than  ten  different  counties  and 
xtends  to  the  west  as  far  as  Texas  county,  to  the  north  and  northeast 
s  far  as  Washington,  St.  Francois  and  Ste.  Genevieve ;  to  the  east 
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it  passes  through  Madison  county,  and  to  the  south  nearly  through 
Wayne  county,  but  only  a  small  portion  of  this  territory  is  covered  by 
Archean  rocks.  The  rocks  are  the  different  kinds  of  porphyry,  which 
predominate,  granite,  and  dikes  of  diabase  and  diabase-porphyry. 
Numerous  instances  were  observed  where  the  stratified  rocks  overlie 
the  massive  ones  and  are  nonconformable  with  them.  Nowhere  at  the 
contact  zone  was  metamorphosed  limestone  or  sandstone  observed. 
The  granites,  so  far  as  observed,  occur  on  low  ground,  while  the  hills 
are  almost  invariably  composed  of  porphyry.  At  numerous  places 
dikes  of  various  sizes  occur,  sometimes  in  the  granite  and  sometimes 
in  the  porphyry,  and,  as  stated  by  Broadhead,  sometimes  in  the  sand- 
stone. Detailed  descriptions  are  given  of  the  granites,  porphyries,  and 
dike  rocks. 

Haworth,20  in  1891,  describes  the  crystalline  rocks  in  the  vicinity 
of  Pilot  knob,  Missouri.  These  are  chiefly  porphyries,  felsites,  and 
breccias.  These  rocks  are  regarded  as  Archean  in  age,  because  there 
is  no  contact  metamorphism  between  them  and  the  surrounding  Pale- 
ozoic rocks,  and  because  in  the  Paleozoic  sandstones  and  limestones  are 
numerous  fragments  of  the  crystalline  rocks.  The  crystalline  rocks  are 
regarded  as  of  eruptive  origin,  as  shown  in  the  field  by  the  absence  of 
bedding,  by  flow  structure,  by  banded  structure,  by  lithophysse,  by 
breccia,  by  scoria,  by  amygdaloids,  by  tuffs,  and  by  absence  of  grada- 
tions into  noncry stall ine  rocks,  and  as  shown  by  the  microscope,  by 
the  texture  of  the  groundmass  in  the  porphyries  and  breccias,  by  flow 
structure  in  them,  by  magmatic  corrosion  of  porphyritic  crystals  and 
fragments  of  the  breccias,  and  by  other  phenomena.  The  laminated 
ferruginous  rocks  of  Pilot  knob  and  of  other  localities  are  regarded  as 
volcanic  breccias.  As  evidence  of  this  it  is  said  that  this  material 
passes  into  the  porphyry,  that  the  fragments  are  all  of  porphyry  or 
felsite,  and  that  the  groundmasses  of  the  breccias  or  conglomerates  are 
always  felsitic  or  porphyritic,  the  apparent  detrital  fragments  being 
merely  set  in  a  lava  of  a  similar  character. 

Pumpelly  and  Yan  Hise,21  in  1890,  find  that  at  Iron  mountain 
the  ore  (specular  hematite),  in  its  original  position,  occurs  in  the  form 
of  veins  in  the  porphyry.  These  veins  are  sometimes  of  very  consid- 
erable thickness,  running  as  high  as  30  feet.  They  vary  from  this  size 
to  those  much  smaller,  ramifying  through  and  cutting  the  porphyry  inj 
various  directions.  In  some  places  on  the  mound  between  the  stratified 
sandstone  and  the  porphyry  is  a  pre- Silurian  mantle  of  detrital  mate- 
rial, which  is  largely  composed  of  fragments  of  the  vein  ore.  The  chief; 
mining  at  the  present  time  is  from  a  mass  of  bowlders  of  the  iron  ore 
in  a  pre- Silurian  ravine.  In  the  process  of  disintegration  the  more  resist- 
ant and  heavier  masses  of  iron  ore  have  been  concentrated  in  the  uppe 
slopes  of  the  ravine,  forming  a  deposit  analogous  to  a  placer.  The  vas 
amount  of  this  iron  ore  in  these  ravines,  as  well  as  that  which  occurs  as 
residuary  deposit  upon  the  mound,  indicates  that  in  pre- Silurian  tim 
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there  was  here  an  enormous  erosion  in  order  that  this  quantity  should 
accumulate  from  the  relatively  sparse  and  small  veins  of  iron  ore  in  the 
mountain.  The  Pilot  knob  iron-ore  bed  was  found  to  grade  upward  into 
a  conglomerate,  the  matrix  of  which  is  largely  composed  of  ore  and 
the  most  of  the  pebbles  of  which  are  porphyry.  The  whole  appearance 
of  the  deposit  is  that  of  a  detrital  one,  and  the  question  arises  whether 
this  bed  has  been  produced  from  the  erosion  of  earlier  vein  deposits 
in  the  porphyries,  such  as  are  found  in  Iron  mountain.  Pilot  knob  itself 
bears  the  same  relations  to  the  Silurian  as  does  Iron  mountain,  and  if 
this  suggestion  as  to  the  origin  of  the  Pilot  knob  ore  is  correct,  it  im- 
plies that  the  pre-Silurian  history  has  not  only  been  very  long,  but  com- 
plex. 

SUMMARY   OF   RESULTS. 

As  the  crystalline  rocks  of  central  Missouri  are  islands  surrounded 
by  Cambrian  sediments,  we  have  no  definite  means  of  determining  their 
age  except  that  they  wrere  in  their  present  condition  and  deeply  eroded 
before  the  overlying  rocks  were  deposited.  With  a  considerable  degree 
of  probability  they  may  therefore  be  referred  to  the  pre-Cambrian.  The 
series  is  mainly  an  eruptive,  porphyritic  one,  but  the  lavas  are  often- 
times bedded.  The  elastics  are  sometimes  porphyry-conglomerates, 
the  materials  of  which  have  evidently  been  derived  from  the  underly- 
ing porphyry  flows.  At  Pilot  knob  the  iron  ores  are  associated  with 
the  conglomerates. 

There  is,  then,  in  central  Missouri  a  pre-Cambrian  clastic  series,  and 
therefore  a  member  of  the  Algonkian  system.  Whether  any  of  the 
crystalline  rocks  are  older  than  the  Algonkian  there  is  no  certain  means 
of  judging.  There  are  also  no  certain  data  upon  which  to  parallelize 
this  Algonkian  series  with  the  Algonkian  series  of  the  nearest  pre- 
Cambrian  region,  that  of  lake  Superior.  Upon  the  whole,  the  litho- 
logical  character  of  the  series  more  nearly  resembles  that  of  the  Ke- 
weenawan than  any  other,  although  it  has  a  very  considerable  likeness 
to  the  Upper  Huronian.  This  is  indicated  by  the  porphyries  and  por- 
phyry-conglomerates, while  the  analogy  with  the  Upper  Huronian  is 
indicated  by  the  beds  of  iron  ore.  This  comparison  is  rather  strength- 
ened by  the  fact  that  the  Upper  Huronian  quartzite  outcrops  of  south- 
ern Wisconsin  are  associated  with  and  cut  by  porphyries.  But  a  refer- 
ence of  the  Missouri  rocks  either  to  the  Keweenawan  or  Upper  Huro- 
nian has  a  very  uncertain  value,  and  it  is  not  impossible  that  it  rather 
represents  the  period  of  erosion  which  separates  the  Keweenawan  and 
Upper  Huronian,  since  in  lithological  characters  it  combines  to  a  con- 
siderable extent  those  of  these  two  series. 


266  PRE-CAMBRIAN   ROCKS   OE   NORTH   AMERICA.  [bull.  86. 

SECTION   III.      TEXAS. 

LITERATURE. 

EoEMER,22»in  1848,  mentions  granitic  rocks  at  several  points,  15  miles 
north  of  Fredericksburg,  on  the  banks  of  tlie  Llano,  in  the  country 
between  the  Llano  and  San  Saba,  and  between  the  Piedernaies  and  San 
Saba,  rivers.     These  granitic  rocks  are  surrounded  by  Paleozoic  strata. 

Shumard,23  in  I860,  describes  in  Burnet  county  rocks  upon  which 
rest  directly  the  fossiliferous  Potsdam. 

Shumard,24  in  1861,  describes  the  Primordial  rocks  of  Texas  as 
resting  upon  reddish  feldspathic  granite  very  similar  in  character  and 
composition  to  the  granites  of  Iron  mountain,  Missouri. 

Buckley,25  in  1866,  states  that  the  known  Azoic  rocks  of  the  state 
are  mostly  in  Llano  and  adjoining  counties.  There  are  here  granites 
with  steatite  or  soapstone,  immense  beds  of  iron  ore,  and  inetamorphic 
rocks,  consisting  chiefly  of  slates,  mica-schist  and  gneiss  with  quartz 
veins.  The  granites  of  Burnet  county  probably  belong  to  a  later  period 
of  elevation  than  the  Azoic.  Here  the  metamorphic  rocks  are  on  the 
outskirts  of  the  granite,  in  nearly  vertical,  more  or  less  broken  or  con- 
torted strata.  In  Mason  county  are  highly  inclined  micaceous  shales. 
At  Packsaddle  mountain  are  dark  shales  which,  near  Honey  creek,  ex- 
tend unconformably  beneath  the  nearly  horizontal  layers  of  Potsdam 
sandstones  and  limestones.  In  Mason  county  is  a  very  large  deposit  of 
iron  ore,  which  is  believed  to  be  a  true  vein.  Another  bed  of  iron  ore 
lies  between  two  granite  ridges  and  is  traversed  by  veins  of  quartz. 
House  mountain,  consisting  of  granite,  is  capped  by  massive  beds  of 
nearly  horizontal  sandstone.  The  Azoic  rocks  trend  in  a  northeast  and 
southwest  direction,  being  on  the  same  line  of  upheaval  as  the  Ozark 
mountains  of  Arkansas  and  the  Iron  mountains  of  Missouri. 

Buckley,26  in  1874,  describes  as  resting  unconformably  beneath  the 
Potsdam,  in  Llano  county,  shales  and  argillites  which  lithologically 
resemble  the  old  slates  of  Vermont  and  New  Hampshire,  They  are 
barren  of  fossils.  Locally  a  slaty  cleavage  is  developed.  Sometimes 
the  slate  is  changed  into  a  gneissoid  rock,  all  gradations  of  the  change 
being  seen.  Friable  mica-slates  containing  garnet  sometimes  underlie 
the  granite.  These  rocks  are  referred  to  the  Laurentian.  Most,  and 
probably  all,  of  the  granites  of  this  region  are  of  a  later  period  than  the  j 
metamorphic  rocks  associated  with  them.  Associated  with  the  granite 
in  Burnet  and  Llano  counties  are  immense  beds  of  magnetic  iron  ore. 

Buckley,27  in  1876,  describes  Azoic  granitic  rocks  in  many  of  the 
mountain  ranges  west  of  the  Pecos  river.  At  a  number  of  places  basal- 
tic rocks  occur.  All  the  igneous  rocks  north  of  the  Pecos  are  either  of 
upper  Cretaceous  or  Tertiary  age,  as  is  shown  by  the  uptilted  strata  o 
these  rocks. 

Walcott,28  in  1884,  finds  that  the  Potsdam  sandstone  rests  uncon- 
formably on  a  great  formation  to  which  the  term  Llano  group  is  applied. 
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These  rocks  are  alternating  beds  of  sandy  shales,  sandstones,  lime- 
stones, and  schists*  that  have  a  dip  from  15°  to  40°.  They  arc  little 
metamorphosed.  The  overlying  sandstone  in  its  fossils  is  like  the 
Tonto  group  of  the  Grand  canyon,  and  the  Llano  group  is  correlated 
with  the  Grand  canyon  and  Chuar  series  of  the  Grand  canyon  on  the 
basis  of  position  and  lithological  character.  The  best  exposures  are 
at  Packsaddle  mountain,  in  Llano  county,  where  the  horizontal  Pots- 
dam rests  on  the  uptilted  and  eroded  Llano  beds.  Across  the  valley 
of  Honey  creek,  4  miles  west  of  Packsaddle  mountain,  the  strata  of 
the  Llano  group  have  been  more  metamorphosed,  plicated,  and  broken 
by  intrusive  dikes  of  granite.  The  intrusive  rocks  are  of  pre-Potsdam 
age,  Jbut  largely  the  result  of  extrusion  of  granite  at  or  near  the  close 
of  the  erosion  of  the  Llano.  They  are  the  chief  cause  of  the  metamor- 
phism  of  the  Llano  rocks.  No  rocks  of  undoubted  Archean  age  were 
observed. 

Shumard,29  in  188G,  describes  as  eruptive  rocks  the  granites,  por- 
phyries and  basic  rocks  which  compose  the  whole  of  Wichita,  Limpea, 
Hueco,  and  Mimbres  mountains.  In  the  Organ  mountains  are  partly 
sedimentary  and  partly  eruptive  rocks;  while  the  Guadalupe,  Sacra- 
mento, and  Horse  mountains  are  wholly  sedimentary.  None  of  these 
crystalline  rocks  are  regarded  as  pre-Cambrian. 

Glenn30,  in  1890,  describes  the  Azoic  rocks  as  consisting  principally 
of  red  granite,  occasionally  gneissoid,  intersected  by  numerous  nearly 
vertical  dikes  of  quartz  rock.  West  of  the  granite  in  Llano  county  is 
an  extensive  field  of  schist,  sandstone,  and  limestone  of  uncertain  age. 
At  Spring  creek,  in  Burnet  county,  is  also  a  small  schist  formation  suc- 
ceeding the  granite.  Were  it  not  for  the  interposition  of  sandstone 
between  the  granite  and  the  schists  they  would  be  assigned  to  the 
Azoic. 

Comstock:;1,  iii  1890,  divides  the  Archean  rocks  of  central  Texas  into 
a  Burnetan  (Lauren tian?)  system  and  Fernandan  (Ontarian4?)  system. 

The  fundamental  gneisses  of  the  Burnetan  occupy  a  lens-shaped  area 
striking  1ST.  75°  W.,  and  they  are  well  exposed  in  Burnet  county.  Within 
the  group  there  are  no  unconformities.  The  rocks  of  the  system  are 
largely  gneisses,  but  they  graduate  upon  the  one  hand  into  quartzose 
mica-schists,  and  upon  the  other  into  friable  sandy  gneisses  and  fine- 
grained binary  granites  and  graphic  granite.  Stratigraphically  the 
group  is  divided  into  three  series  from  above  downward,  (1)  B.)deville, 
consisting  of  mica-schist  and  chlorite-schists  (chiefly  acidic);  (2)  Long 
mountain,  consisting  of  hornblendic  and  pyroxenic  rocks  (basic);  (3) 
Lone  grove,  consisting  of  gneiss,  granite,. etc.  These  rocks  are  compared 
with  Lawson's  lake  of  the  Woods  Archean.  The  igneous  eruptions  of 
the  Burnetan  are  of  different  ages,  some  of  them  earlier  and  some  later 
than  the  Potsdam. 

The  Fernandan  or  Ontarian  system  is  well  exposed  along  the  valley 
of  San  Fernando  creek.     Its  exposures  are  more  extensive  than  those 
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of  any  other  pre-Cambrian  system.  While  in  the  main  there  is  little 
difficulty  in  distinguishing  between  the  Fernandan  and  Burnetan  strata, 
nietamorphism  has  caused  a  close  resemblance  in  many  exposures. 
The  general  succession  from  above  downward  is  calcareous  rock,  chlo- 
ritic  slates  and  shales,  carbonaceous  schists,  ferruginous  rocks,  quartz- 
ites,  acidic  schists,  and  basic  schists.  In  this  system  are  various  erup- 
tive*, including  granites,  quartz  dikes,  and  basic  rocks.  Whenever  the 
Fernandan  beds  are  visible  in  connection  with  the  Burnetan  strata, 
through  their  own  excessive  erosion  or  by  reason  of  the  persistence  of 
prior  elevations  of  the  earlier  system,  there  is  always  abundant  evidence 
of  unconformity ;  and  if  any  fractures  occur  the  joints  of  the  northwest 
(Fernandan)  trend  invariably  cross  and  cut  the  strike  of  the  Burnetan 
rocks.  Additional  support  for  the  unconformity  of  the  two  systems  is 
gained  from  the  fact  that  contortions  occur  in  the  lower  system  only 
where  this  or  later  trends  affect  its  continuity.  Moreover,  the  compo- 
sition and  texture  of  the  Fernandan  beds  are  to  a  large  extent  that  of 
derivatives  of  the  Burnetan  lithologic  series. 

Above  the  Fernandan  system  is  an  Eparchean  group  of  rocks,  the 
stratigraphical  affinities  of  which  are  nearer  the  Archean  than  the 
Cambrian.  There  is  no  doubt  that  they  rest  unconformably  below  the 
Paleozoic.  To  this  group,  including  Walcott's  Llano  group,  is  given 
the  term  Texan  (Algonkian^)  system.  The  rocks  of  the  Texan  system 
are  chiefly  siliceous,  but  shales  and  limestones  are  not  wanting.  The 
succession  includes  from  the  base  upward  a  set  of  micaceous  sand- 
stones, with  thinly  laminated  shales  and  chloritic  detrital  material; 
hard,  white  laminated  quartz  rock  or  quartzite,  associated  with  fer- 
ruginous and  schists  layers;  ferruginous  shale  beds,  in  part  somewhat 
graphitic,  and  limestones  or  marbles.  It  is  often  difficult  in  the  field 
to  distinguish  the  graphitic  shale  and  marble,  as  a  belt,  from  the  simi- 
lar lithologic  set  of  the  earlier  Fernandan  system.  In  hand  specimens, 
however,  the  distinction  is  obvious.  The  Texan  beds  are  much  less 
altered,  as  a  rule.  The  graphitic  strata  are  plainly  derivatives  of  the 
preexisting  graphite  schists,  and  the  marbles  are  white  or  brown,  in- 
stead of  blue.  The  Packsaddle  marbles  and  shaly  beds  are  compared 
with  the  Ohuar;  the  Llano  quartzites  and  sandstones,  with  eruptives, 
to  the  Grand  canyon,  and  the  Mason  sandy  shales  and  schists  to  the] 
Vishnu  series. 

There  must  have  been  a  vast  amount  of  erosion  after  the  folding  of 
the  Texan  strata  and  prior  to  the  deposition  of  the  Cambrian  sedi- 
ments upon  the  upturned  edges.  The  outcrops  of  the  Texan  strata  are 
almost  invariably  accompanied  by  some  of  the  Fernandan  beds,  or  byJ 
members  very  closely  resembling  these,  often  in  such  relations  as  to'] 
make  it  difficult  to  determine  the  boundary  between  the  two  groups  , 
upon  structural  grounds  alone;  but  the  rocks  here  included  as  of  the  j 
Texan  system  are  never  involved  in  an  earlier  uplift  than  the  north-] 
south  trend. 
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Comstock,32  in  1891,  further  describes  the  relations  of  the  pre-Cam- 
brian  rock  series  of  central  Texas.  The  Fernandian  system  is  hcl<l  to 
rest  unconformably  upon  the  Burnetian,  because  no  other  terrane 
within  the  Burnetian  has  structural  planes  or  breaks  following  a  course 
N.  75°  W.,  while  every  other  axis  of  uplift  is  traceable  through  the 
rocks  of  the  Burnetian  system,  and  because  the  basal  members  of  the 
Fernandian  system  are  made  up  in  part  of  material  apparently  derived 
from  the  Burnetian  rocks.  That  the  Texian  (Algonkian!)  system  rests 
unconformably  upon  the  Fernandian  is  concluded  from  facts  of  the 
same  character  as  those  which  show  the  discordance  between  the  Burne- 
tian and  Fernandian.  The  nearly  due  north-south  strikes  of  these 
rocks  are  commonly  peculiar  to  them,  the  earlier  fractures  and  lines  of 
uplift  being  invariably  absent,  but  the  later  ones  can  be  more  or  less 
distinctly  traced  through  the  members  o'f  this  system.  There  are  locali- 
ties exhibiting  the  juxtaposition  of  the  Texian  with  the  underlying 
Fernandian,  in  which  the  nonconformability  between  the  two  is  seen. 
These  relations  are  seen  south  and  southeast  of  Packsaddle  mountain, 
southwest  of  Sharp  mountain,  in  portions  of  the  country  north  of  Lock- 
hart  mountain,  north  and  northeast  of  Mason,  in  the  Beaver  creek  val- 
ley, and  elsewhere  in  Mason  county.  Further,  the  derivative  character 
of  the  Texian  beds  is  a  marked  feature.  In  the  Fernandian  is  a  great 
development  of  magnetites.  While  these  deposits  appear  to  be  in  dis- 
continuous lenses  or  bosses  across  the  region,  there  is  almost  always  an 
indication  of  continuity  in  the  shape  of  a  line  of  ferruginous  soil  or 
other  landmark.  The  iron  deposits  have  above  them  carbonaceous  and 
calcareous  beds  and  below  them  quartzose  beds. 

SUMMARY   OF    RESULTS. 

It  appears  that  in  central  Texas  there  are  two  thick  series,  of  clastic 
origin  which  are  of  pre-Gambrian  age.  The  upper  is  Walcott's  Llano  or 
Comstock's  Texian,  and  the  lower  Coinstock's  Fernandian.  The  first 
of  these  is  but  little  altered,  the  second  is  considerably  metamorphosed 
and  has  associated  with  it  a  greater  quantity  of  eruptive  rocks.  Be- 
tween these  series  it  is  asserted  by  Comstock  that  there  is  a  great  un- 
conformity, as  shown  by  numerous  contacts,  by  Fernandian  debris  in 
the  Texian,  and  by  the  fact  that  the  Texian  rocks  are  never  involved 
in  the  earlier  uplifts  which  have  affected  the  Fernandian. 

The  Archean  is  represented  by  the  Burnetian.  Between  the  Burne- 
tian and  the  Fernandian  an  unconformity  is  maintained  by  Comstock 
upon  essentially  the  same  grounds  as  between  the  Texian  and  Fernan- 
dian; that  is,  there  are  unconformable  contacts  between  the  series;  the 
Fernandian  bears  debris  from  the  Burnetian,  and  the  Burnetian  has 
beet)  affected  by  orographic  movements  which  are  earlier  than  the  Fer- 
nandian. 
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CHAPTEEYI. 

THE  CORDILLERAS. 

SECTION  I.      LARAMIE,  MEDICINE   BOW,  AND  PARK  RANGES  IN  SOUTH 

ERN   WYOMING. 

LITERATURE. 

Stansbury,1  in  1853,  states  that  in  the  Black  hills  (Laramie)  is  ar 
extensive  formation  of  massive  red  feldspatliic  granite  with  occasional 
outcrops  of  ferruginous  quartz.  t 

Hayden,2  in  1863,  describes  the  Laramie  hills  as  consisting  of  nu 
merous  centers  of  uplifted  granite  upon  the  sides  of  which  the  Carbon 
iferous  limestones  are  scattered  or  unconformably  overlie.  There  is 
every  gradation  from  unchanged  fossiliferous  limestone  to  completely 
metamorphosed  rock,  melted  material  sometimes  being  found  thrust  intc 
the  seams  of  the  unchanged  mass.  The  core  of  Laramie  peak  is  o: 
granite,  while,  as  if  thrown  oft*  by  this  nucleus,  is  a  series  of  Azoic  strati 
fled  rocks  consisting  of  gneiss,  hornblendic,  micaceous,  and  talcose 
slates,  syenite,  and  quartz,  which  are  cut  here  and  there  by  dikes  o] 
trap  or  basalt. 

Hayden,3  in  1808,  mentions  granites  and  syenites  as  occurring  in  tin 
Laramie  and  Medicine  bow  ranges.  On  the  east  side  of  Laramie  range 
especially  near  fort  Laramie,  are  seen  the  distinctly  discordant  rela- 
tions between  the  crystalline  rocks  of  the  mountain  range  and  the 
un metamorphosed  strata. 

Hayden,4  in  1872,  describes  on  one  of  the  branches  of  the  Chug 
water,  in  the  Laramie  mountains,  as  occurring  interstratified  with  red 
feldspatliic  granite,  beds  of  magnetic  ore  which  resemble  the  lake  Su- 
perior iron  ores.  The  rocks  between  the  headwaters  of  the  Chugwatei 
and  Laramie  consist  of  beds  of  quartz,  black  gneiss,  seams  pMeldspal 
with  now  and  then  beds  of  massive  granite.  On  approaching  the 
mountains  the  red  feldspatliic  granite  is  found  in  great  ridges,  the 
gneissic  strata  diminishing  and  the  massive  granite  increasing  in  ad 
proaching  the  mountain  range. 

Engelmann,5  in  1876,  finds  that  the  Laramie  peak  system  consists 
of  the  igneous  rocks,  granite  and  granitic  syenite.  Among  the  igneous 
rocks  are  also  greenstones,  which  are  of  later  date  than  the  granite  hi 
which  they  frequently  are  dikes. 

Hague,6  in  1877,  gives  detailed  descriptions  of  the  Laramie,  Medfl 
cine  bow,  and  Park  ranges.  The  Archean  rocks  of  the  Laramie  hills 
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ire  classed  under  granites,  gneiss,  mica  schist,  and  hornblende  schist, 
;he  first  covering  much  the  largest  area.  The  central  body  consists  of 
loarse  grained  granite.  Above  this,  and  forming  the  outer  edges,  dip- 
ring  east  and  west  away  from  the  main  mass,  occur  heavily  bedded  gran- 
toid  rocks.  At  the  north  and  south  ends  of  the  range  the  granites  grad- 
ually pass  into  well  defined  gneisses  and  schists,  there  being  the  most, 
gradual  transitions  from  the  massive  granites  to  the  thinly  laminated 
Whists.  Among  the  crystalline  rocks  is  a  variety  of  gabbro  in  the  re- 
gion of  Iron  mountain,  Chugwater,  and  Horse  creeks,  where  it  forms 
cnobs  and  knolls  protruding  through  the  granitoid  rocks.  At  Iron 
Mountain,  northiof  Chugwater  creek,  are  masses  of  titaniferous  iron 
ires  incased  in  the  granite.  No  large  bodies  of  eruptive  granites  were 
een  nor  eruptive  rocks  younger  than  the  Archean.  In  structure  the 
iaramie  hills  are  regarded  as  a  broad  anticline,  accompanied  by  many 
econdary  folds.  There  is  no  case  of  decided  nonconformity  in  the 
nt ire  series  of  beds,  and  their  uniform  character  indicates  that  they 
11  belong  to  one  division  of  the  Archean,  which  without  doubt  is  the 
|iaurentia.n.  The  sedimentary  rocks  of  the  eastern  foothills  every* 
here  rest  unconformably  upon  the  Archean  crystallines.  East  of 
able  mountain  is  the  only  outlying  mass  of  Archean  granite  occurring 
istward  of  the  sedimentary  foothills. 

The  second  great  range  of  the  Rocky  mountains — the  Medicine  bow— 
lc  the  Laramie  range,  is  made  up  almost  exclusively  of  Archean  crys- 
lline  rocks.     In   their  general  habit  they  resemble  the  formation  of 
le  eastern   range,   but  additional  varieties   are  found.     The  rocks 
iclude  granite,  gneiss,  hornblende-schist,  mica-schist,  dioritic  schist, 
ate,  argillite,  quartzite,  chert,  horn  stone,  conglomerate,  and  limestone, 
he  larger  bodies  of  true  granite  are   confined  to  the  southern  end  of 
ic  range,  where  it  is  closely   connected  with  the  Front  range  of  Colo- 
do.     Even  this  granite  shows  more  or  less  tendency  to  bedding,  the 
nstituent  minerals  being  arranged  in  parallel  layers.     From  Brush 
eek  northward  15  or  20  miles  are  light  colored  mica-gneisses  and  dark 
►rnblende-schists,  with  occasional  beds  of  vitreous  quartzite.     Medi- 
ae peak  is  a  mass  of  pure  white  quartzite  rising  2,000  feet  above  the 
Grounding  country.    The  main  ridge  has  a  trend  approximately  north 
°  east,  which  appears  to  be  the  strike  of  the  rocks.    The  dip  is  to  the 
&ward  at  a  high  angle.    While  no  accurate  measurements  could  be 
ide,  the  thickness  of  the  formation  is  certainly  not  under  2,000  feet. 
ie  quartzite  is  white,  compact,  and  brittle,  with  a  uniform  texture,  and 
traversed  by  thin  iron   seams.     Near  the  base  of  the  formation  the 
artzite  is  mterstratified  with  beds  of  conglomerate,  the  pebbles  being 
quartz  and  many  of  them  having  been  pressed  and  elongated  in  the 
eetion  of  the  strata.     The  formation  is  cut  by  dikes  of  dark  intru- 
e  rocks  which  are  probably  diorites.     At  the  head  of  the  northern 
inches  of  French  creek,  conformably  under  a  quartzite,  is  a  series  of 
lly  laminated  dark  argillaceous  slates  and  schists,  which  dip  east- 
Bull.  80 18 
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ward  into  the  mountain.  Below  these  are  quartzose  argillites,  which 
are  again  underlain  by  crystalline  schists.  Mill  peak,  north  of  east 
from  Medicine  peak,  has  at  its  base  a  white  quartzite,  which  is  overlain 
by  a  body  of  red  conglomerate  resembling  the  red  jasper  conglomerate 
of  the  Huronian  series  of  lake  Huron.  Above  this  is  amorphous 
quartzite,  and  the  peak  is  capped  by  white  and  gray  siliceous  limestone/; 
The  prevailing  dips  at  Mill  peak  are  to  the  west,  while  those  at  Medi-' 
cine  peak  are  to  the  east,  indicating  that  there  is  a  broad  synclinal  fold; 
between  the  two.  A  striking  characteristic  of  the  entire  series  is  the 
banded  and  laminated  appearance  of  the  constituent  minerals.  The] 
Archean  series  of  the  Medicine  bow  range  present  many  marked  fea- 
tures analogous  to  the  Huronian  formation  on  the  shores  of  lake  Union 
and  Canada,  as  well  as  to  various  localities  throughout  the  Appalachian 
chain;  and  they  are — with  considerable  hesitation,  however — recognized! 
as  of  Huronian  age,  because  they  are  so  widely  separated  from  any] 
beds  distinctly  recognized  as  such,  and  the  reference  is  based  entirely] 
upon  lithological  evidence.  The  rocks  also  present  many  features  in 
contrast  with  Laurentian  rocks  of  the  Colorado  Front  range. 

The  Park  range,  the  third  of  the  great  Archean  uplifts  of  the  Rocky] 
mountains,  is  a  system  of  highly  crystalline  rocks  of  Archean  age.  Th  J 
later  rocks  form  a  very  subordinate  part  of  the  uplift,  rising  not  morel 
than  a  few  hundred  feet  above  the  plain,  where  they  rest  unconfornij 
ably  on  the  older  series.  The  rocks  of  the  Park  range  resemble  morJ 
closely  those  of  the  Colorado  Front  range  than  they  do  the  Medicine] 
bow,  and  are  referred  to  the  Laurentian .  The  range  contains  much  struct 
tureless  granite  overlain  by  gneisses  and  schists  similar  to  the  series  of] 
the  Colorado  range,  but  carrying  more  hornblende-bearing  beds  in  the] 
upper  members.  Oft"  the  other  hand,  there  are  not  wanting  rocks  which! 
are  characteristic  of  the  Medicine  bow  series  and  which  were  referred 
to  the  Huronian  formation.  The  range  has  a  monoClrhal  structure  with' 
the  prevailing  dips  to  the  west,  while  an  outlying  spur  to  the  east- 
indicates  the  existence  of  the  eastern  side  of  the  fold. 

Emmons,6  in  1877,  describes  Rawlings  peak  as  an  outlying  area  ol 
Archean  granite-gneiss  which  shows  distinct  lines  of  bedding,  having 
an  inclination  of  45°  to  the  west,  while  the  overlying  quartzites  and 
sandstones  dip  10°  to  the  east. 

King-,7  in  1878,  describes  the  rocks  which  uncon  form  ably  overlie  thJ 
Archean  of  the  Colorado  range  as  varying  from  the  lowest  Paleozoic  up 
to  the  post-Pliocene.     The  Archean  core  of  the  range  is  a  broad  central 
anticline,  the  arch  having  a  flat  summit  and  the  dip  increasing  rapidly 
as  the  axis  becomes  distant.     In  this  range  complex  faulting,  inetar 
morphism  and  crystallization,  combined  with  widespread  erosion,  took  I 
place  before  the  beginning  of  Cambrian  time.     The  rocks  comprise 
granites  and  granite-gneisses,  above  which,  with  no  apparent  uncoiw 
foriiiity,  are  red  granites  showing  distinct  bedding,  and  above  tliesefl 
great  thickness  of  mica-gneisses,  the  estimated  thickness  of  which  is 
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12,000  to  18,000  leet.  From  the  lowest  exposure  to  the  highest  there 
is  a  gradual  passing  from  the  structureless  granite  to  the  dark  mica- 
gneisses.  Among  eruptive  rocks  are  granites,  gabbros,  and  fflsite- 
porphyries.  The  Clark's  peak  ridge  is  thought  to  be  another  and  later 
series  of  rocks  than  those  of  the  Colorado  range. 

In  the  Medicine  bow  range,  above  the  hornblendic  and  dioritic, 
gneisses  and  schists  are  quartzitic  schists,  argillites,  and  limestones. 
The  gneisses  and  hornblende-schist  are  older  and  underlie,  in  apparent 
conformity,  the  quartzites. 

In  the  Park  range  the  crystalline  rocks  all  dip  to  the  west,  being  but 
half  of  an  anticline,  the  other  half  having  suffered  a  deep  downthrow 
which  has  only  left  traces  of  the  easterly  dips,  The  rocks  are  granite, 
gneiss,  hornblende-schists,  and  dioritoid  rocks,  with  a  limited  quantity 
of  quartzites,  there  being  no  eruptive  rocks,  unless  some  obscure  dio- 
ritic bodies  are  intrusive.  At'  Jacks  creek  is  a  bed  of  pure  white 
quartzite  50  feet  thick.  The  upper  members  of  the  Medicine  bow  and 
Park  ranges,  somewhat  less  than  12,000  or  14,000  feet  thick,  are  referred 
to  the  Huronian  and  the  remaining  formations  to  the  Laurentian. 

Endlich,8  in  1879,  describes  Eawlings  peak  as  consisting  of  a  meta- 
morphic  granite  nucleus  about  which  the  sedimentary  strata  are  qua 
quaversaily  arranged. 

Van  Hise,9  in  1889,  made  observations  upon  the  Laramie  and  Medi- 
cine bow  ranges. 

The  Laramie  hills  at  Sherman,  where  most  structureless,  are  found 
to  have  alternate  bands  of  coarse  and  fine  material.  The  latter  are 
more  resistant  to  weathering  and  stand  out  as  ridges.  This  stratifica- 
tion or  flowage  or  foliation  structure  is  at  a  fiat  angle — 15°  or  20°.  The 
country  granite  is  cut  by  very  numerous  dikes  of  granite,  which  pro- 
ject above  the  ground  in  intersecting  ridges. 

The  course  of  travel  in  the  Medicine  bow  range  was  up  one  of  the 
branches  of  the  Laramie  river  to  Medicine  peak,  and  over  this  range  in 
a  course  north  of  west  across  the  strike  of  the  rocks  down  Brush 
creek.    Mill  peak  was  visited. 

The  pre-Cambrian  rocks  first  found  are  banded  and  contorted  gneisses, 
varying  from  fine  grained  to  granitoid  varieties,  which  are  cut  by 
hornblendic  and  granitic  veins  or  dikes,  with  here  and  there  consider- 
able areas  of  massive  granite.  In  passing  toward  the  interior  of  the 
range  the  granite  becomes  less  plentiful  and  the  gneiss  more  laminated, 
passing  into  regularly  banded  gneiss,  which  appears  to  grade  by  imper- 
ceptible stages,  into  fine  grained  green  schist,  and  finally  into  black 
slate.  In  continuing  to  pass  from  east  to  west  quartzites  are  found, 
then  a  broad  belt  of  yellowish  white,  finely  granular  chert,  with  layers 
)f  cherty  limestone  sometimes  ferruginous.  About  a  mile  before  Medi- 
cine peak  is  reached  the  quartzites  appear.  These  continue  (often  con- 
glomeratic) to  beyond  Medicine  peak.  West  of  Medicine  peak  are 
igain  found    slates,  slate -conglomerates  carrying  abundant  pebbles 
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of  white  quartz  and  granites  and  interstrati  tied  with  quartzite.  Schis- 
tose and  massive  basic  rocks,  much  altered",  in  dike-like  forms,  are 
found  in  the  clastic  scries  precisely  as  in  the  gueissic  series.  They 
oftentimes  strike  approximately  parallel  to  the  inclosing  rocks.  East 
of  Medicine  peak  the  rocks,  including  the  gneissoid  and  clastic  series, 
have  a  dip  of  about  60°  to  80°  to  the  southeast.  Therefore  the  Medi- 
cine peak  series  appears  to  underlie  the  gneissoid  series.  The  dip  of 
the  Medicine  peak  series  in  going  north  of  west  beyond  the  mountain 
becomes  flatter,  until  2  or  3  miles  beyond  the  crest  the  dips  are  not 
higher  than  30°,  which  observations  agree  with  Hague's  statement  that 
west  of  Medicine  peak  is  the  crown  of  an  anticline.  As  the  strike  of 
the  Medicine  peak  series  is  nearly  toward  Mill  peak,  and  as  on  the 
top  of  that  peak  there  are  cherts  (Hague's  amorphous  quartzite)  and 
cherty  limestones  very  like  those  found,  east  of  Medicine  peak,  it  seems 
probable  that  the  Mill  peak  series  represents  these  cherty  limestones. 
Though  the  original  sedimentary  character  of  the  Medicine  and  Mill 
peak  series  is  evident,  the  pressure  to  which  the  rocks  have  been  sub- 
jected is  so  great  in  places  that  the  slate-conglomerates  bearing  granite 
pebbles  take  on  an  appearance  closely  resembling  gneisses.  The  grains 
of  quartz  in  the  fragmental  quartzites  in  thin  section  also  sIioav  pro- 
found evidence  of  dynamic  action.  However,  as  the  layers  of  pebbles 
in  the  quartzites  and  the  fine  laminations  in  the  cherts  and  cherty 
limestones  correspond  with  the  schistose  structure,  there  can  be  no 
doubt  that  the  strikes  and  dips  are  those  of  bedding. 

The  foregoing  facts  seem  to  imply  that  in  passing  up  from  the  gneis- 
sic  series  to  west  of  Medicine  peak  we  have  passed  a  syncline  over- 
turned to  the  west,  and  2  or  3  miles  west  of  Medicine  peak  have  nearly 
reached  the  crown  of  the  next  anticline.  This  structure  makes  the 
slates  and  slate- conglomerates  bearing  granite  pebbles  the  base  of  the 
clastic  series,  above  which  are  the  quartzites,  and  occupying  the  high- 
est position  in  the  center  of  the  syncline  are  the  cherts  and  cherty  lime- 
stones of  Mill  peak  and  those  east  of  Medicine  peak.  The  elastics  thus 
rest  upon  the  granite-gneiss  series.  No  contacts  or  evidence  of  discord 
ance  in  strike  or  dip  were  found  between  them,  but  the  conglomerates 
bearing  granitic  detritus  show  the  presence  of  a  granite  earlier  than 
the  formation  of  these  beds,  and  presumably  the  present  apparent  ac- 
cordance and  transition  are  due  to  dynamic  action,  combined,  perliaj 
with  the  disintegration  of  the  earlier  series  before  the  elastics  were  do 
posited. 

SUMMARY   OF   RESULTS. 

It  is  plain  that  in  the  Medicine  bow  range  are  two  classes  of  rocks: 
those  which  are  thoroughly  crystalline  and  are  mostly  of  the  aci< 
type,  and  those  which  are  unmistakable  elastics,  such  as  quartzites, 
conglomerates,  marbles,  cherts,  etc.,  while  in  the  Laramie  and  Pari 
ranges  is  only  the  first  class,  if  the  white  quartzite,  which  seems  to  b( 
in  the  nature  of  a  vein   in   the  latter,  is  excluded.     The  granites  an( 
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gneisses  were,  regarded  by  Hayden  as  eruptive,  and  they  were  believed 
to  have  intruded  and  metamorphosed  the  overlying  Paleozoic  lime- 
stones. King  and  Hague,  on  the  other  hand,  regard  all  of  the  mate- 
rial of  the  three  ranges  as  metamorphic,  with  the  exception  of  the  basic 
dikes  and  possibly  some  small  areas  and  dikes  of  a  later  granite.  That 
the  horizontal  sedimentary  rocks  were  deposited  unconformably  upon 
and  against  these  ranges  is  now  admitted  by  all;  so  that  the  truth  of 
the  observations  of  Hayden  must  be  considered  doubtful,  unless  he 
found  some  place  where  there  is  actually  present  later  important  masses 
of  intrusive  granite. 

At  the  present  time  many  would  doubt  the  conclusions  of  King  and 
Hague,  that  because  the  structureless  granite  of  the  center  of  the 
ridges  vary  gradually  in  passing  outward  into  well  laminated  gneisses 
and  schists,  therefore  the  whole  is  of  sedimentary  origin,  the  inte- 
rior parts  being  more  completely  metamorphosed  than  the  exteriors. 
These  relations  might  equally  well  be  produced  by  the  increasing  ef- 
fects of  dynamic  action  upon  the  outer  borders  of  once  massive  ranges. 
The  variation  of  massive  or  nearly  massive  core  rocks  into  laminated 
gneisses  and  crystalline  schists  on  the  outer  borders,  which  occur  in 
many  other  mountain  regions,  are  thus  explained  by  numerous  later 
observers,  the  whole  being  regarded  as  igneous.  The  lamination  is 
explained  equally  as  well  by  one  theory  as  by  the  other ;  for  in  cither  case 
the  central  axes  are  the  parts  which  are  most  deeply  buried,  and  which, 
even  if  composed  of  material  originally  sedimentary,  have  become  re- 
crystallized.  On  either  hypothesis  it  is  probable  that  in  the  region 
under  discussion  are  two  fundamentally  different  series,  the  very  an- 
cient crystallines  and  the  pre-Oambrian  elastics.  The  presence  of 
abundant  granite  debris  in  the  lower  members  of  the  Medicine  peak 
series  certainly  shows  the  existence  of  a  granite  earlier  than  this  time. 
That  the  elastics  are  later  than  the  ciystallines  is  perhaps  further  in- 
dicated by  the  numerous  dikes  of  granite  which  are  found  in  the  main 
granite  area,  but  have  not  been  noted  as  cutting  the  elastics.  It  can 
not  be  said  whether  many  of  the  mica  schists  and  other  intermediate 
kinds  of  rocks  such  as  occur  in  the  Medicine  bow  and  Park  ranges 
belong  with  the  Archean  or  the  Algonkian.  It  is  wholly  among  the 
possibilities  that  schist  series  exist  which  are  older  than  the  granite; 
these  together  forming  a  basement  complex  upon  which  the  readily 
recognizable  elastics  were  deposited. 

SECTION  II.   CENTRAL  AND  WESTERN  WYOMING. 

LITERATURE    OF   THE    BIG   HORN   MOUNTAINS. 

Hayden,10  in  1861,  states  that  red  feldspathic  granites,  with  meta- 
norphic  slates  and  schists,  constitute  the  nucleus  of  the  Big  Horn 
nountains.  As  these  are  surrounded  by  strata  as  recent  as  the  Cre- 
taceous, this  uplift  is  subsequent  to  this  time. 
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Hayden,11  in  1868,  states  that  the  unconformity  between  the  crys- 
talline and  unmetamorphosed  strata  at  the  Big-  Horn  mountains  is 
very  apparent, 

Carpenter,12  in  1878,  describes  the  Big  Horn  range  as  composed  at 
the  base  of  thick  masses  of  Primordial  sandstone  resembling  the  Pots- 
dam sandstone  of  the  Black  hills,  although  the  heat  coeval  with  the 
upheaval  of  the  mountains  has  probably  obliterated  the  fossils  which 
are  so  abundant  in  that  region.  The  sandstone  rests  un  conform  ably 
against  the  Archean,  is  inclined  from  the  flanks,  is  folded,  and  in  many 
places  is  upturned  as  in  the  Black  hills  and  Colorado  mountains.  Above 
the  sandstone  is  a  limestone  containing  numerous  easts  of  tipirifer  cam- 
eratus.  The  crystalline  rocks  appear  at  an  elevation  of  about  9,000 
feet  and  compose  the  higher  parts  of  the  range.  Near  the  summit 
fine  grained,  grayish  granite  predominates,  occasionally  varied  by 
various  patches  of  mica-schist.  The  Owl  creek  mountains  are  com- 
posed of  porphyritie  granite  rich  in  feldspar,  which  give  place  at  higher 
elevations  to  a  gneissoid  granite.  They  connect  the  southern  end  of 
the  Big  Horn  mountains  with  the  northern  part  of  the  Wind  river 
range. 

LITERATURE   OF   THE   RATTLESNAKE   MOUNTAINS. 

Engelmann,5  iii  1876,|states  that  granites  and  granitic  syenites  which 
are  regarded  as  igneous  rocks  form  a  large  part  of  the  Rattlesnake 
mountains. 

LITERATURE   OF   THE   SWEETWATER  AND  ADJACENT  MOUNTAINS. 

Ball,13  in  1835,  notes  granitic  rocks  along  the  Sweetwater. 

Hayden,11  in  18G8,  mentions  granites  and  syenites  as  occurring  in 
the  Sweetwater  mountains. 

Engelmann,5  in  187G,  places  the  crystalline  schists  between  the  three 
crossings  of  the  Sweetwater  and  South  pass,  and  those  on  the  eastern 
slope  of  South  pass  as  metamorphics.  They  include  gneiss,  mica  schist, 
argillaceous  and  siliceous  schist,  and  hornblendic  rocks. 

Endlich,8  in  1879,  describes  in  the  Sweetwater  valley  and  in  ad- 
jacent regions  Prozoic  and  metamorphic  rocks.  In  the  Sweetwater 
hills  are  Prozoic  rocks,  coarse  grained,  structureless  granite,  like  those 
west  of  the  Wind  river  mountains  which  are  cut  by  basaltic  dikes,  but 
which  never  penetrate  the  overlying  younger  rocks.  The  metamorphic 
granite  of  the  Sweetwater  and  Seminole  hills  is  regarded  as  a  con- 
tinuation of  the  youngest  granite  of  the  eastern  slope  of  the  Wind 
river  range.  East  of  Elkhorn  gap  is  found  a  series  of  folded  sedimen- 
tary beds,  upon  both  sides  of  which  is  granite  apparently  of  the  same 
character.  The  northern  and  northwestern  portions  of  the  granite 
hills,  instead  of  being  composed  of  Prozoic  granite,  are  formed  of  strati- 
lied  granites  with  hornblende-schists.  Toward  the  eastern  termination 
the  stratification  is  so  apparent  that  from  a  short  distance  the  rocks 
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were  supposed  to  be  unchanged  sedimentary  ones,  and  the  suspicion 
presented  itself  that  a  portion  of  these  are  metamorphosed  Silurian 
beds.  The  Potsdam  quartzite  with  an  easterly  dip  is  found  to  rest 
upon  the  schists,  and  at  the  western  end  of  the  Sweetwater  hills  sub- 
Carboniferous  dolomites  rest  directly  upon  the  Prozoic  granites.  In 
the  Sweetwater  region  the  younger  metamorphics  occupy  a  more  con- 
spicuous position  than  the  older  metalliferous  schists.  That  the  older 
schists  and  Prozoic  granites  do  not  appear  is  due  to  the  thickness  of 
the  youngest  metamorphic  series,  erosion  not  having  succeeded  in  cut- 
ting through  them.  The  metamorphics  are  all  referred  to  the  Huro- 
nian  system. 

LITERATURE   OF  THE   WIND   RIVER  MOUNTAINS. 

Hayden,10  in  1861,  states  that  the  Wind  river  mountains  have  a 
nucleus  of  red.  and  gray  feldspathic  granite. 

Hayden,11  in  1868,  states  that  the  stratified  rocks  rest  uncon form- 
ably  upon  the  granites  and  syenites  of  the  Wind  river  mountains  along 
the  eastern  slope. 

Hayden,4  in  1872,  describes  the  Wind  river  range  as  forming  a  com- 
plete anticline.  It  has  a  nucleus  of  granitic  or  gneissic  rocks  rising  on 
either  side  step  by  step  toward  the  central  axis,  and  on  each  side  of 
the  nucleus  are  the  various  unchanged  rocks  inclining  at  a  variety  of 
angles.  From  fort  Stambaugh  northwest  toward  the  granites  of  Wind 
river  is  found  for  a  distance  of  10  miles  metamorphic  slates. 

Comstock,14  in  1875,  describes  the  Wind  river  mountains  as  having 
a  nucleal  area  of  gray  and  reddish  granites,  gneissoid  granites,  gneisses, 
metamorphic  slates  and  schists,  and  pre-Potsdam  metamorphics,  this 
being  the  order  of  succession  from  the  center  to  either  flank.  It  is 
doubtful  whether  any  igneous  rocks  here  occur,  and  there  appears  to 
be  a  gradation  from  the  structureless  granites  to  the  pre-Potsdam  meta- 
morphics. 

Endlicii,8  in  1879,  describes  the  geology  of  the  Wind  river  moun- 
tains and  country  eastward.  The  crystalline  rocks  are  divided  into 
Prozoic  and  Metamorphic.  Placed  as  belonging  to  the  Prozoic  is  the 
coarse  grained,  structureless  red  granite  forming  the  subsidiary  range 
along  the  western  base  of  the  mountains.  Going  eastward  the  granites 
disappear  and  in  the  Wind  river  range  schists  take  their  place.  These 
ranites  and  those  of  the  Sweetwater  and  Granite  hills  are  believed  to 
lave  a  subterranean  connection  and  are  regarded  as  the  oldest  rocks  of 
me  Wind  river  mountains  because  of  the  absence  of  all  structure,  their 
position  relative  to  the  range  and  their  relations  to  the  undoubted  meta- 
norphics  to  the  east.  Against  them  were  deposited  the  old  metallifer- 
ous schists.  Granite  composing  the  main  chain  followed,  and  this  was 
succeeded  by  a  narrow  band  of  schist,  and  the  fourth  or  lowest  group 
s  represented  by  the  younger  granites.  The  metamorphic  rocks  of  the 
Wind  river  mountains  are  mainly  granites  but  are  associated  with 
schists;  but  the  layers  of  different  miueralogical  constitution  do  not 
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appear  to  remain  constant  in  certain  zones.  Passing  to  the  eastward 
the  granites  disappear  and  are  replaced  by  schistose  granites  or  typical 
schists.  The  granites  are  flexed  and  contorted  in  every  possible  direc- 
tion and  contain  simple  bands  of  micaceous  and  chloritic  schists,  which 
denote  the  original  planes  of  stratification.  It  is  believed  that  by  a 
careful  examination  evidence  will  be  found  bearing  upon  the  former 
condition  of  this  metamorphic  area.  The  Wind  river  range  is  regarded 
as  a  steep  anticlinal  fold.  The  rocks  constituting  it  are  regarded  as 
representing  siliceous  shales  (schists)  and  are  more  or  less  argillaceous 
sandstones  (granites).  On  the  eastern  side  of  the  Wind  river  range  is 
found  hard  red  quartzitic  sandstones  directly  overlying  the  youngest 
metamorphic  granites.  It  extends  up  the  gently  sloping  ridges  in  a 
scalloped  line.  In  direct  contact  with  the  granites  it  is  difficult  to 
determine  where  the  granite  ends  and  the  quartzite  begins,  so  that  it 
may  be  said  that  the  quartzites  and  granites  blend  into  each  other.  It 
appears  that  the  lowest  Silurian  strata  were  deposited  before  the  thor- 
ough metamorphosis  of  the  entire  mass  took  place,  unless  the  change 
in  the  sandstone  is  caused  by  a  generation  of  heat  during  the  period  of 
mountain  elevation.  The  Archean  rocks  of  the  Wind  river,  S weetwa ter, 
and  adjacent  ranges  are  classified  into  the  Huronian,  Laurentian,  and 
Prozoic  systems.  The  first  includes  micaceous,  hornblendic,  and  chlor- 
itic granite,  30,000  feet  thick.  The  Laurentian  includes  metalliferous 
schists  composed  of  quartz,  feldspar,  hornblende,  and  mica,  18,000  feet 
thick.  The  Prozoic  includes  massive  structureless  inuscovite  granite 
of  indefinite  thickness. 

Peale,15  in  1879,  states  that  the  western  foothills  of  the  Wind  river 
mountains  and  a  few  isolated  buttes  are  composed  of  muscovite  granite, 
the  most  prominent  of  the  latter  being  Fremont's  bntte. 

St.  John,16  in  1883,  describes  the  Archean  rocks  of  the  Wind  river 
range  and  gives  a  number  of  sections  showing  the  unconformable  rela- 
tions of  these  rocks  to  the  overlying  Potsdam  and  higher  sedimenta- 
ries.  The  Archean  area  is  composed  of  granitic,  gneissic,  and  various 
schistose  rocks,  including  hornblendic,  micaceous,  talcose,  and  garnet- 
iferons  varieties. 

LITERATURE   OF   THE   GROS   VENTRE    AND   WYOMING  RANGES. 

St.  John,17  in  1879,  states  that  the  Gros  Ventre  range  has  an 
Archean  nucleus,  consisting  chiefly  of  distorted  gneissic  and  schistose 
layers,  and  forms  a  sort  of  transverse  bar  or  truss  connecting  the 
Wind  river  and  Teton  ranges.  The  Primordial  quartzite  was  seen 
lying  in  immediate  contact  unconformably  above  the  Archean  schists, 
from  which  it  is  separated  by  a  rose-colored  finely  laminated  gneissoid 
layer,  which  may  be  the  metamorphosed  basal  member  of  the  quartzite. 

St.  John,16  in  1883,  further  describes  the  Gros  Ventre  range  and 
gives  various  sections  through  it.  The  Primordial  quartzite  rests  di- 
rectly upon  the  Archean  rocks.  In  the  Wyoming,  as  in  the  Gros  Ventre- 
range,  the  Archean  is  unconformably  below  the  stratified  rocks. 
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LITERATURE   OF  THE   TETON   RANGE. 

Bradley,18  to  1873,  describes  the  central  nucleus  of  the  Teton 
mountains  as  consisting  of  granites,  gneisses,  and  schists  wliich  vary 
greatly  in  ch aracter.  No  rock  succession  was  ascertained .  The  granite 
is  in  thick  solid  beds  and  the  other  rocks  are  much  broken  and  tilted 
in  various  ways,  and  are  crossed  in  every  direction  by  innumerable 
large  and  small  veins,  mostly  of  quartz,  but  a  few  of  granite.  There 
is  a  general  strike  in  an  east  and  west  direction.  Trap-like  rocks  are 
inteiiaminated  with  the  gneiss  and  granite,  Avhich  suggest  that  they 
may  be  dikes,  but  they  are  evidently  conformable  with  the  layers  and 
were  either  contemporaneous  sheets  or  else  subsequent  intrusives. 

St.  John,  17  in  1879,  describes  Archean  rocks  as  constituting  the  nu- 
cleal  ridge  of  the  Teton  mountains.  The  major  portion  of  them  are 
metamorphics  of  a  gneissic  or  schistose  variety.  The  Archean  strata 
of  the  Teton,  Wyoming  and  Gros  Ventre  ranges  are  divided  into 
Huronian  and  Laurentian.  With  the  former  are  placed  the  quartzites, 
micaceous  and  chloritic  slates  forming  heavy  deposits  several  thousand 
feet  in  thickness  and  developed  only  in  the  southwest,  while  with  the 
Laurentian  are  the  gneisses,  various  schistose  rocks,  and  granite.  In 
the  southwest  part  of  the  Teton  district  is  a  narrow  tongue  of  quartz- 
ites which  are  placed  with  the  Primordial,  but  may  be  Huronian. 

SUMMARY  OF   RESULTS. 

The  rocks  referred  to  the  Archean  by  the  various  authors  can,  with 
considerable  certainty,  be  considered  pre-Cambrian,  as  the  region  is  one 
in  which  no  folding  has  taken  place  since  the  beginning  of  Paleozoic 
time,  and  the  various  members  of  the  Paleozoic  are  found  in  uncon- 
formable contact  with  the  underlying  crystallines  at  many  points.  -It 
is  not  necessary  to  assume,  as  was  done  by  Endlich,  that  a  portion  of 
the  metamorpnism  of  the  Archean  took  place  subsequent  to  Paleozoic 
time,  for  the  indurated  quartzites  so  often  found  in  direct  contact  with 
the  crystalline  strata  have  probably  been  thus  hardened  by  the  now 
well  known  process  of  cementation.  The  quartzites  which  so  closely 
resemble  the  unaltered  granite  are  doubtless  recomposed  rocks  which 
have  been  cemented  in  the  same  manner. 

Whether  among  the  pre-Oambrian  rocks  in  these  various  ranges  of 
mountains  there  are  any  which  are  now  of  a  distinctly  clastic  character  is 
uncertain.  Those  between  fort  Stambaugh  and  the  central  Wind  river 
mass  spoken  of  as  metamorphic  slates,  and  the  rocks  described  by  St. 
John  in  the  southwestern  part  of  the  Teton  district  as  consisting  of 
quartzites,  micaceous  and  chloritic  slates,  may  very  likely  be  of  this 
character,  but  it  is  not  certain  that  the  latter  do  not  belong  to  the  Cam- 
brian, for  nothing  is  said  of  their  relations  to  the  recognizable  Paleozoic s. 

The  separation  of  the  rocks  into  Laurentian  and  Huronian,  or  into 
Prozoic,  Laurentian  and  Huronian,  as  is  done  by  Endlich,  is  purely  litho- 
logical.    They  are  all  thoroughly  crystalline,  and  have  been  assumed  by 
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the  various  authors  to  be  metamorphic  because  having  a  lamination  or 
foliation, and  the  more  massive  rocks  are  regarded  as  being  older  because 
more  metamorphic,  and  also  because  they  are  usually  core  rocks.  As 
has  been  seen  in  the  case  of  the  Laramie  hills  and  other  regions,  these 
facts  may  be  equally  well  explained  by  regarding  the  rocks  as  all  an- 
cient igneous  rocks,  parts  of  which  have  been  given  a  laminated  struc- 
ture by  dynamic  action. 

Nowhere  is  anything  said,  as  to  any  unconformable  relations  between 
any  parts  of  the  various  series  referred  respectively  to  the  Huroniau, 
Laurentiau,  or  Prozoic,  as  the  case  may  be.  Consequently  the  only  sure 
structural  conclusion  reached  is  that  there  is  in  these  mountain  ranges 
a  great  complex  of  granites,  gneisses,  and  schists,  thoroughly  crystal- 
line, and  as  yet  undivided,  which  are  of  pre-Cambrian  age. 

SECTION   III.     CENTRAL   AND    SOUTHWESTERN  MONTANA,  WITH   ADJA- 
CENT  PARTS   OF   WYOMINO   AND   IDAHO. 

LITERATURE. 

Hayden,10  in  1861,  describes  along  the  Madison,  one  of  the  forks  of 
the  Missouri,  beds  of  feldspathic  rocks,  and  mica-slates  and  clay-slates 
above  the  eruptive  granites  of  the  region. 

Hayden,19  in  1872,  describes  Archean  rocks  at  many  points  in  south- 
western Montana.  Among  the  localities  mentioned,  the  following  are 
worthy  of  note:  Upon  Black-Tailed  Deer  creek  in  southwestern  Mon- 
tana is  an  immense  thickness  of  alternating  beds  of  quartzites,  true 
gneiss  and  mica-schist,  the  first  predominating,  and  inclining  to  the 
west  from  30°  to  45°.  Old  granite  ridges  are  also  found.  On  the  north 
side  of  this  creek  are  gneissic  beds,  which  incline  to  the  northwest  at 
angles  varying  from  30°  to  60°.  On  the  Stinking  water  are  immense 
thicknesses  of  micaceous  gneiss  underlying  massive  layers  of  quartz- 
jte.  Along  the  Madison  canyon  is  found  granite.  The  rocks  adjacent 
to  Virginia  City  are  clearly  stratified,  wholly  metamorphic,  and  are  I 
regarded  as  below  the  Paleozoic.  Upon  the  Upper  Gallatin  are  gra-  I 
nitic  nuclei,  with  the  unchanged  sedimentary  beds  upon  the  sides  and 
summits  inclining  at  various  angles.  In  the  first  canyon  of  the  Yel- 
lowstone is  true  gneissoid  granite  and  micaceous  gneiss  of  different, 
shades  of  color,  giving  its  sides  a  peculiarly  stratified  appearance.  At 
Cinnabar  mountain  is  a  plainly  metamorphic  reddish  feldspathic  quartz? 
ite,  upon  which  rests  unconforinably  the  Carboniferous  limestone. 
Hell  -Roaring  mountain  consists  of  stratified  gneiss  and  massive  red  or 
gray  feldspathic  granite.  At  Horse  plain  valley  are  quartzites  and 
micaceous  schists,  which  rise  beneath  the  limestones  and  quartzites  of 
Carboniferous  age. 

Peale,20  in  1872,  gives  many  details  with  reference  to  the  lithological 
and  mineralogical  character  of  the  rocks,  the  locations  of  which  are  | 
given  by  Hayden. 
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ETayden,21  iii  1873,  gives  many  additional  facts  with  reference  to  the 
occurrence  of  Atelieaii  rocks  in  southwestern  Montana  and  adjacent 
regions.  The  mountain  range  east  of  the  Yellowstone,  supposed  to  be 
mostly  of  igneous  origin,  has  the  characteristic  granitic  nucleus  com- 
mon to  the  mountain  ranges  of  the  region.  In  ascending  the  lower 
canyon  of  the  Yellowstone  the  first  ridge  is  composed  mostly  of  meta- 
morphic  quartzite,  the  second  of  mica-schists  and  granitoid  gneiss.  The 
ribboning  and  banding  of  the  gneiss  is  quite  remarkable  for  its  perfec- 
tion and  regularity.  Granitic  rocks  constitute  the  nucleus  of  the  Yel- 
lowstone range  and  make  up  a  rugged  granite  range  east  of  Olarks 
fork.  At  Henrys  lake  and  Tahgee  pass  the  quartzites  and  gneissic 
rocks  appear  beneath  the  limestones.  The  lower  portion  of  the  un- 
changed rocks  are  pebbly  arenaceous  sandstones  and  limestones  con- 
taining pebbles  which  are  much  worn  and  are  either  quartz  or  micaceous 
gneiss,  showing  that  the  sediments  were  derived  directly  from  the 
metamorphic  rocks.  The  lowest  strata  of  unchanged  rocks  are  here 
regarded  as  Silurian,  and  probably  Potsdam,  although  no  organic 
remains  were  found.  The  Carboniferous  limestones  higher  up  are  filled 
with  characteristic  fossils.  In  the  Middle  canyon  of  the  Madison  the 
stratified  rocks  are  also  believed  to  belong  to  the  Potsdam  epoch, 
although  no  fossils  were  found  lower  than  the  Carboniferous,  and  here 
the  unconformable  relations  of  the  limestones  to  the  met  amor  phic  rocks 
are  clearly  shown.  On  both  sides  of  the  Madison  there  is,  in  restricted 
localities,  an  enormous  development  of  very  hard  gray  quartzitic  sand- 
stone, apparently  partially  metamorphosed,  which  evidently  forms  the 
underlying  rocks  of  the  sedimentary  strata  resting  on  the  strictly  meta- 
morphic  gneiss.  No  organic  life  has  been  found,  yet  it  undoubtedly 
belongs  to  the  oldest  Silurian.  Along  the  valley  of  the  Madison,  be- 
low the  mouth  of  Cherry  creek,  for  several  miles  there  are  successions 
of  gneissic  beds  thousands  of  feet  in  thickness,  Avhich  show  great  vari- 
ety of  composition  and  flexures  in  the  bedding.  In  this  gneiss  are 
layers  of  black  hornblende  gneiss  4  to  6  feet  thick,  which  appear  as 
though  they  were  intrusions  of  trap.  Near  Helena  the  sedimentary 
beds  overlying  the  granite  are  tilted  from  20°  to  45°  past  a  vertical. 
The  Avork  of  reducing  the  metamorphic  strata  which  underlie  the  entire 
country  to  a  system  and  connecting  them  over  extended  areas  has  not 
been  attempted,  and  it  seems  to  the  author  an  almost  hopeless  as  well 
as  a  fruitless  task. 

Peale,22  in  1873,  describes  at  many  localities  crystalline  rocks  in 
southwestern  Montana  and  adjacent  regions.  Gneissic  and  granitic 
rocks  are  mentioned  in  the  Cinnabar  mountains,  in  the  rocks  of  the 
Third  canyon  of  the  Yellowstone,  at  Elk  creek,  at  the  junction  of  the 
two  forks  of  the  Yellowstone,  at  West  Gallatin  canyon,  Bozeman 
creek,  and  other  localities.  Upon  one  of  the  head  waters  of  the  Madison 
are,  found  quartz- schists  and  chlorite-schists,  below  which  in  apparent 
conformity  are  layers  of  limestone.     Still  below  these  are  Carboniferous 
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limestones.  The;  whole  is  Relieved  to  be  an  overturn.  Between  Red 
Rock  lake  and  Henry  lake  is  an  exposure  of  quartz-schist  flipping  to 
the  southwest  at  an  angle  of  20°,  estimated  to  be  2,000  feet  in  thick- 
ness, which  is  believed  to  rest  directly  npon  the  granite.  On  Cherry 
creek  the  gneissic  rocks  are  succeeded  by  beds  of  massive  quartzite, 
shale,  limestones,  etc.,  resting  un conformably  upon  them,  the  latter 
being  probably  Lower  Silurian. 

Hayden,23  in  1876,  describes  some  geological  sections  about  the 
headwaters  of  the  Missouri  and  Yellowstone  rivers.  There  is  an  anti- 
clinal axis  between  the  Madison  and  Jefferson  which  has  a  granitic 
nucleus,  and  on  the  east  side  of  the  Gallatin  the  Silurian  rocks  rest 
upon  granitic  hills. 

Holmes,24  in  1883,  describes  the  Silurian  strata  as  resting  npon  the 
metamorphic  rocks  at  Cinnabar  mountains.  The  butte  at  Bear  gulch 
is  composed  of  vertical  shales,  and  these  are  underlain  by  metamorphic 
quartzites.  Between  the  butte  and  Junction  valley  are  hard  meta- 
morphic quartzites  and  qnartzitic  schists  which  not  improbably 
consist  chiefly  of  altered  and  distorted  Paleozoic  or  Mesozoic  strata, 
but  there  is  bnt  slight  resemblance  to  these  formations.  The  ridge 
near  the  canyon  of  Bear  creek  is  composed  of  schists  that  have  a 
decided  qnartzitic  character.  The  East  Gallatin  range  is  largely  of 
granite.  At  different  places  the  Archean  granites  are  unconformably 
overlain  by  the  Silurian. 

Davis,25  in  1880,  describes  Archean  rocks  as  occurring  in  the  neigh- 
borhood of  Neihart,  about  the  headwaters  of  Belt  creek  in  the  LiUle 
Belt  mountains.  They  are  dark  reddish  and  gray  gneisses  with  the 
folia  generally  at  steep  angles,  cut  by  granitic?  eruptions  that  were  not 
found  to  extend  into  the  overlying  bedded  rocks.  The  Paleozoic  series 
begins  with  a  vast  series  of  Lower  Cambrian  barren  slates,  at  least  10,000 
or  15,000  feet  thick  at  many  places.  The  slates  are  capped  by  hard  sand- 
stone or  quartzite,  100  or  150  feet  thick,  persistent  throughout  the  area 
examined,  which  is  overlain  by  an  equally  persistent  trilobitie  lime- 
stone 100  to  300  feet  thick  clearly  of  Potsdam  date.  With  the  upper 
members  of  these  slates  are  found  diabasic  eruptions.  These  lower 
Cambrian  slates  are  found  in  the  main  range  at  Cadottes  pass,  in  the 
Big  Belt  mountains,  and  in  the  Little  Belt  range.  In  the  sections  the 
Archean  rocks  at  Little  belt  are  represented  as  resting  unconformably 
below  the  Lower  Cambrian  slates,  while  on  the  Bridger  range  they  are 
placed  in  conformity  with  the  slates. 

Peale,26  since  1884,  has  been  working  on  the  "Three  Porks  Sheet" 
of  Montana  (the  square  degree  included  between  111°  and  112°  of  lon- 
gitude and  15°  and  46°  of  latitude).  In  the  northern  part,  in  the 
Bridger  range,  of  this  area  is  found  Archean  gneisses. 

Other  Archean  areas  are  the  one  extending  north  of  Virginia  city 
some  28  miles,  in  which  a  body  of  eruptive  granite  occurs,  and  the  one 
bordering  the  canyon  of  the  Madison.     The  gneiss  of  the  Madison  can- 
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ron  extends  across  to  the  Gallatin  canyon,  a  distance  of  24  miles.  This 
atter  belt  is  about  12  miles  in  width.  There  are  also  two  smaller 
jneissic  areas  bordering  the  southern  edge  of  the  Gallatin  valley.  The 
)eds  of  Lower  Cambrian  age  at  a  number  of  localities  in  the  range  include 
ingular  fragments  and  masses  of  gray  and  red  gneiss,  evidently  derived 
Voni  these  Archean  beds. 

In  the  vicinity  of  the  Three  forks  and  in  the  northern  portion  of  the 
3 ridger  range,  lying  between  the  basal  quartzite  of  Lower  Cambrian 
ige  and  the  Archean  gneisses  referred  to  above,  is  another  series  of  beds 
hat  are  considered  pre-Cambrian.  This  group,  referred  to  the  AJgon- 
;i;m,  lias  a,  thickness  of  5,000  or  0,000  feet  in  the  Bridger  range  and  is 
correlated  with  the  Lower  Cambrian  barren  slates  of  much  greater 
hickness  found  by  Davis  farther  to  the  north.  The  beds  are  made  up 
>f  alternations  of  coarse  micaceous  sandstones  and  fine  conglomerates 
nth  beds  of  hard  argillaceous  slates  and  bands  of  very  hard  thin- 
xnlded  dark  blue  limestones.  These  are  the  beds  seen  by  Hayden  in 
861  which  were  mistaken  for  eruptives,  and  which  were  described  by 
Vale  in  187-').  Where  the  lowest  exposures  were  noted,  pebbles  and 
bngular  masses  of  the  Archean  gneisses  are  numerous  in  these  sand- 
tones,  indicating  that  Archean  land  masses  existed  not  far  to  the  soul  h- 
rard.  In  fact  the  ancient  shore  line  crossed  the  area  from  12  to  15 
idles  south  of  the  northern  limit  of  the  Three  forks  sheet.  As  to  age, 
his  series  is  probably  x>re-Cambrian  as  it  lies  below  beds  containing 
jower  Cambrian  fossils,  being  nonfossiliferous  themselves  so  far  as 
xamiiied.  So  far  as  observed  no  evident  unconformity  exists  between 
lie  series  and  the  overlying  Cambrian  beds,  but  there  is  certainly  an 
Liiconformity  by  subsidence,  for  after  the  series  was  deposited  there 
fas  an  orographic  movement  by  which  the  Archean  area  of  nearly  the 
ntire  district  of  the  sheet  south  of  the  Three  forks  was  submerged  just 
>rior  to  the  beginning  of  the  Cambrian,  as  is  shown  by  the  great  south- 
raid  extent  of  the  lower  or  basal  quartzite  over  this  area  which  was 
tot  before  submerged  and  which  therefore  shows  no  rocks  of  this  Algon- 
:ian  series.  Whether  the  movement  occurred  immediately  after  the  la  \  - 
ag  down  of  the  Algonkian  beds  just  described  or  after  an  interval  can 
Lot  be  decided  with  the  meager  data  now  at  hand. 

South  of  the  old  shore  line  the  Algonkian  group  is  absent,  the  lower 
[uartzite  of  the  undoubted  Cambrian  everywhere  lying  uncon  forma  I  >iy 
Lpon  the  Archean  gneisses,  with  the  exception  of  two  localities,  where 
p  rests  upon  a  series  of  beds  considered  to  be  a  lower  division  of  the 
Ugonkian.  The  main  area  is  on  the  west  side  of  the  Madison  river, 
bout  20  miles  south  of  Meadow  creek,  and  is  about  8  miles  in  length 
y  about  4  in  width.  A  limited  area  of  these  beds  occur  on  the  east 
ide  of  tin'  Madison  valley  at  the  west  edge  of  the  Madison  range  be 
ween  Bear  and  Indian  creeks.  The  series  consists  of  crystalline  lime- 
hones,  mica- schists,  quartzites,  and  gneisses,  very  highly  inclined  and 
mforniable  so  far  as  seen   with   the   stratification  or  bedding  of  the 
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gireisses.  Without  more  detailed  examination'  and  search  for  obscure 
folds  it  is  impossible  to  estimate  the  total  thickness,  but  it  is  certainly 
very  great. 

SUMMARY    OF    RESULTS. 

It  is  evident  from  the  literature,  as  well  as  from  Hayden's  own  state- 
ment, that  no  systematic  work  has  been  done  among  the  pre- Cambrian 
rocks,  with  the  exception  of  that  by  Peale  on  the  Three  forks  sheet. 
The  information  at  hand  makes  it  clear  that  this  region  will  yield  re- 
sults of  extreme  interest  when  considerable  areas  arc  mapped.  In  the 
region  are  great  areas  of  intricately  mingled  granitic  and  gneissie  rocks 
which  certainly  belong  to  the  Archean.  Associated  with  this  class  of 
rocks  are  immense  thicknesses  of  regularly  bedded  gneisses,  mica- 
schists,  chlorite-schists,  quartz-schists,  quartzites,  and  limestones. 
Whether  the  regular  lamination  of  the  gneiss  is  due  to  sedimentation 
or  to  other  forces  is  uncertain,  but  the  great  belts  of  inter  stratified 
crystalline  limestone,  quartz-schists,  and  quartzites  are  evidence  that 
here  is  a  series  of  clastic  origin,  although  at  the  present  time  it  has 
become  thoroughly  crystalline.  The  relations  of  this  series  to  the 
granites  and  gneisses  donbtfully  referred  to  the  Archean  have  not  been 
worked  out. 

There  is  also  in  this  region,  as  shown  by  the  work  of  Davis  and 
Peale,  a  great  series  of  unaltered  strata  which  are  probably  Algonkian. 
This  series  is  a  downward  succession  of  barren  slates  below  the  fossil- 
iferous  Cambrian,  and  if  Algonkian,  is  the  uppermost  division  and 
equivalent   to  the  upper  Algonkian  of  the  Wasatch.     Peale's  results 
indicate  that  while  there  is  no  actual  unconformity,  there  is  a  change 
of  physical  conditions,  a  subsidence,  and  perhaps  a,  real  time  break  be 
tween  the  Cambrian  and  Algonkian.     Nowhere  yet  have  the  unaltered 
barren  slates  and  the  more  crystalline  series  of  clastic  origin  been  foim 
in  contact.     Between  the  slates  and  the  Archean  gneisses  is  a  great  un 
conformity,  and  there  is  little  doubt,  when  the  unaltered  series  is  cai 
ried  over  to  the  vertical  limestones,  quartzites,  and  quartz-schists,  tha 
it  will  be  found  to  rest  upon  them  unconfofmably.     There  is,  then,  iu 
this  region  probably  two  series  of  Algonkian  rocks,  one  almost  com 
pletely  unaltered,  the  other  thoroughly  crystalline,  and  both  of  great 
thickness. 

SECTION  IV.      UTAH   AND   SOUTHEASTERN  NEVADA. 

LITERATURE   OF   THE   UINTA  MOUNTAINS. 

Marsh,27  in  1871,  states  that  in  the  Uinta  mountains  is  an  extensivj 
series  consisting  of  reddish  sandstones  and  quartzites,  sometimes  meta 
morphosed  and  apparently  without  fossils.  The  series  is  referred  pro 
visionally  to  the  Silurian  on  the  ground  that  resting  conformably  upoi 
them  are  limestones  bearing  Carboniferous  fossils. 
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Hayden,4  in  1872,  states  that  in  the  Uintas,  from  the  red  beds  of  the 
Triassic  to  the  oldest  quartzites  no  unconformity  was  detected.  The 
whole  series  lias  a  thickness  of  10,000  feet  or  more;  of  this  the  lower 
8,000  consists  of  sandstones  and  quartzites.  Although  no  fossils  were 
found,  the  upper  part  of  these  8,000  feet  is  believed  to  be  Silurian  and 
to  pass  down  without  a  break  to  the  rocks  of  the  Huronian  age.  The 
quartzites  are  like  the  Sioux  Mis,  Dakota,  quartzites  which  are  associ- 
ated with  the  pipestone  referred  by  Hall  to  the  Huronian.  In  the 
Uinta  series  is  an  excellent  illustration  of  a  gradual  transition  from 
unchanged  to  metainorphic  rocks. 

Passing  upward  to  the  crest  of  the  mountains,  but  downward  in  a 
geological  sense,  we  find  a  series  of  purplish  sandstones  and  slates, 
conformable  with  the  limestones  and  apparently  unchanged,  which 
gradually  pass  into  thick  beds  of  gray  and  purple  quartzite,  which  are 
exceedingly  brittle  and  plainly  metamorphosed  by  heat.  The  later 
formations  once  passed  over  the  older  ones  in  the  Uintas,  and  therefore 
there  has  been  in  this  region  tremendous  erosive  forces.  On  Bed  creek, 
the  only  place  where  such  a  rock  is  found,  is  the  largest  display  of  white 
quartz  that  the  author  has  seen  in  the  West.  This  is  associated  with 
outbursts  of  old  trap  and  some  beds  of  true  gneiss  and  mica-schist. 
The  igneous  matter  has  protruded  itself  in  every  opening  or  fissure  in 
every  possible  direction,  sometimes  between  the  strata  and  sometimes 
across  them,  in  thin  layers  or  in  huge  branching  masses.  It  is  believed 
that  this  igneous  material  was  protruded  among  the  quartz  beds  prior 
to  their  upheaval.  It  is  difficult  to  account  for  this  development  of  quartz 
with  gneiss,  which  rises  abruptly  above  the  quartzite,  occupying  a  belt 
5  to  9  miles  in  width  and  ending  as  abruptly  as  it  commences.  The 
upper  quartzites  and  white  quartz  beds  seem  to  conform.  It  is  remarked 
that  the  geology  of  the  eastern  portion  of  the  Uinta  range  is  very  com- 
plicated and  interesting,  but  to  have  solved  the  problem  to  entire  sat 
isfaction  would  have  required  a  week  or  two. 

Powell,28  in  1874,  describes  in  the  Uinta  mountains  crystalline 
schists  upon  which  rest  unconformable  Carboniferous  rocks. 

Powell,29  in  1876,  describes  the  Uinta  sandstones,  shales,  and  quartz- 
ites 12,500  feet  thick,  as  resting  un conformably  below  the  Lodore 
group.  Again,  un  conformably  below  the  Uinta  sandstone  is  the  Red 
creek  quartzite  associated  with  hornblendic  and  micaceous  schists, 
10,000  feet  thick.  It  is  evident  that  the  metamorphism  of  the  lied 
creek  quartzite  is  anterior  to  the  deposition  of  the  Uinta  group,  for  the 
beds  of  the  latter,  especially  near  the  junction,  are  chiefly  made  up  of 
fragments  of  the  former;  hence  the  unconformity  is  very  great,  and  the 
quartzite  was  a  lofty  headland  in  the  old  Uinta  sea — perhaps  20,000  feet 
high — when  the  lowest  member  of  the  Uinta  sandstone  was  formed. 
The  period  of  erosion  separating  the  Uinta  sandstones  front  flic  Car- 
boniferous beds  was  sufficient  to  cany  away  at  least  3,000  feet  of  the 
former,  and  how  much  more  can  not  be  said.     This  unconformity  is 
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seen  at  Whirlpool  canyon  and  the  canyon  of  Lodore,  the  difference 
of  dip  between  the  two  groups  being  from  4°  to  G°,  and  the  members 
of  the  Lodore  group  steadily  overlapping  the  upper  members  of  the 
Uinta  and  cutting  off  more  than  2,000  feet  of  the  latter.  At  the  canyon 
of  Lodore  the  Uinta  sandstone  also  protrudes  into  the  Lodore  shales. 
On  the  northeast  side  of  O-wi-yu-kuts  plateau  the  Uinta  sandstones 
are  seen  to  disappear,  having  been  cut  off  by  erosion  before  the  depo- 
sition of  the  limestone,  and  there  is  from  1,000  to  2,000  feet  more  of  the 
Uinta  sandstone  at  one  end  of  the  ridge  than  at  the  other.  The  un- 
conformity can  also  be  seen  in  the  canyon  of  Junction  mountain,  and 
has  been  observed  on  the  south  side  of  the  Uinta  mountains  in  a  can- 
yon cut  by  the  tributaries  of  the  Uinta  river.  It  is  suggested  that  the 
Uinta  sandstones  may  be  considered  as  Devonian,  an  opinion  which 
would  be  yielded  upon  the  slightest  paleontological  evidence  to  the 
contrary. 

The  Eed  creek  quartzite  is  believed  to  be  Eozoic.  This  Eozoic  is 
in  large  part  a  pure  white  quartz,  but  is  intimately  associated  with 
irregular  aggregations  of  hornblendic  and  micaceous  schists.  These 
schists  were,  i>erhaps,  argillaceous  strata  between  the  thicker  strata  of 
pure  siliceous  sandstone.  The  whole  group  has  been  greatly  metamor- 
phosed so  as  almost  to  obliterate  the  original  granular  or  sedimentary 
structure  so  far  as  is  apparent  to  the  naked  eye.  Besides  the  recrys- 
tallization,  they  have  been  profoundly  plicated  or  implicated,  so  that  it 
is  only  in  a  general  way  that  any  original  stratification  can  be  observed; 

The  great  mass  of  the  Uinta  range  is  of  the  Uinta  sandstone.  In- 
tercalated with  these  are  shales,  argillaceous  material,  and  semi  crys- 
talline quartzite  5  the  whole  group  is  exceedingly  ferruginous  and  con- 
tains seams  of  clay  ironstone.  While  weeks  and  months  were  spent 
in  the  search,  no  fossils  were  found  in  the  Uinta  group.  The  Uinta 
mountains  as  a  whole  have  been  produced  by  the  degradation  of  a 
great  upheaved  block,  having  its  axis  in  a  general  east  and  west  direc- 
tion. The  upheaval  is  partly  a  flexed,  partly  a  faulted  one,  the  major 
part  of  the  faulting  and  the  steeper  inclinations  being  on  the  north 
side. 

Emmons  (S.  F.),6  in  1877,  describes  the  Uinta  mountains  as  a  remark- 
ably simple  and  regular  uplift  of  an  immense  thickness  of  conformable 
strata,  the  regularity  being  disturbed  only  about  a  small  area  of  Arch-: 
ean  rocks  at  the  eastern  end.  These  old  rocks,  occurring  along  Kedj 
creek  and  covering  a  comparatively  small  area,  are  quartzites,  Avhite 
mica-schists,  and  hornblende-schists,  with  a  local  development  of  parag- 
onite  beds,  and  they  correspond  most  nearly  to  those  classed  as 
Iluronian  in  the  Rocky  mountains.  The  beds  are  steeply  inclined  and 
have  suffered  intense  compression  and  distortion.  The  general  section 
is  that  of  a  double  anticline. 

On  these  older  locks  are  seen  the  conformably  gently  dipping  Weber 
quartzites,  and  the  succeeding  beds  were  then  deposited  around  the 
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hores  of  an  Archean  island.  Above  the  Archean  is  a  thiekness  of 
0,000  or  12,000  feet  of  unconformable  beds,  part  of  which  consists  very 
irgely  of  quartzite  and  is  regarded  as  before  the  Carboniferous,  while 
lie  upper  part  is  placed  in  the  Upper  Coal  Measures  and  Permo-Car- 
onjferous.  The  Upper  Coal  Measures  are  limestones  and  sandstones 
nd  bear  fossils ;  but  in  the  great  thickness  of  lower  beds  referred  to 
tie  Weber  no  fossils  are  found. 

King,7  in  1878,  describes  the  Archean  rocks  of  the  Uinta  range  as  a 
roup  of  pure  white  quartzites,  hornblende  schists,  hydromica-  (parag- 
nite)  schist,  richly  charged  with  garnet,  staurolite,  and  minute  crys- 
als  of  cyanite.    They  are  referred  to  the  Huronian. 

The  Paleozoic  rocks  of  the  Uintas  rest  unconformably  upon  the 
Lrchean.  They  comprise  an  immense  body  of  quartzites  and  indu- 
ated  sandstones  intercalated  with  shales,  12,000  feet  in  thickness,  re- 
ared— not,  however,  without  some  questioning — to  the  Weber  quartz- 
||  or  Middle  Coal-measures.  Directly  overlying  these  is  a  series  of 
andstones  and  limestones  having  a  thickness  of  2,000  or  2,500  feet  in 
rhieh  Coal-measure  fossils  are  obtained. 

Peale,15  in  1879,  describes  in  the  Green  river  district,  at  Station  77, 

Cambrian  section  consisting  largely  of  quartzite  and  amounting  to 
,000  feet.  At  Station  130  is  another  red  quartzite  which  has  a  lime- 
bone  below  it,  and  below  them  a  series  of  green  chloritic  rocks  unlike 
tiose  of  any  other  section  in  the  district.  The  author  inclines  to  place 
aese  below  the  Cambrian  quartzites  and  considers  them  of  probably 
[uronian  age.  None  of  these  sections  expose  the  underlying  crystal- 
ne  schists. 

Van  Hise,9  in  1889,  examined  the  Archean  core  of  the  Uintas.  The 
>-called  white  quartzite  is  found  to  be  largely  composed  of  white  feld- 
>ar.  It  is  thoroughly  crystalline  and  its  lithological  affinities  are  rather 
ith  the  granites  than  the  quartzites.  The  black  bands  contained  in 
,  supposed  by  some  to  represent  original  layers  of  a  different  consti; 
Ltion,  and  by  others  to  represent  dikes,  were  found  to  be  much  altered 

uptives.  The  unconformable  contact  between  the  Uinta  series  and 
le  Archean  was  seen  at  many  points. 

LITERATURE   OF  THE   WASATCH  MOUNTAINS. 

Hayden,19  in  1872,  describes  in  the  Wasatch  mountains  and  on  the 
iuyon  of  the  Weber  a  nucleus  »of  granite.  In  Box  Elder  canyon  are 
leisses,  quartzites,  and  slates.  In  the  Port  Neuf  canyon  there  are 
:posed  at  least  10,000  feet  of  quartzite,  the  age  of  which  is  obscure, 
.e  only  thing  indicating  its  position  being  that  Carboniferous  fossils 
e  found  in  the  upper  horizon. 

SillimAN,30  in  1872,  regards  the  granite  of  Big  and  Little  Cotton- 

ood  canyons  as  probably  metamorphic  from  conglomerates,  because 

the  conspicuous  patches  of  dark  colored  material  which  they  have 

a  light  gray  matrix,  and  because  with  a  glass  there  can  be  detected 

sort  of  pebble-like  roundness  in  the  quartz  of  the  granite. 

Bull.  86 19 
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Hayden,21  in  1873,  describes  syenite  in  the  Little  Cottonwood  canyon 
of  the  Wasatch  at  the  base  of  the  series,  upon  which  rest  feklspathic 
gneissic  strata,  and  unconforniably  upon  these  the  lower  qtfartzites. 
The  Wasatch  is  probably  a  complete  anticlinal  fold. 

Peale,22  in  1873,  states  that  the  base  of  the  mountains  near  Ogden 
is  for  the  most  part  a  red  syenite  which  passes  into  granite  and  gneiss, 
and  contains  in  places  veins  of  hornblende,  quartz,  and  specular  iron. 
The  granites  of  Cottonwood  creek  are  conspicuously  bedded,  the  dip 
being  about  50°  or  70°  to  the  east,  and  they  contain  rounded  pebble-like 
masses  of  a  dark  color  inclosed  within  the  gray  matrix.  These  gran- 
ites are  cut  by  veins  of  feldspar.  The  pebble-like  masses  suggest  that 
the  formation  is  metamorphic. 

Bradley,18  in  1873,  regards  the  core  of  the  Wasatch  as  metamorphic. 
The  occurrence  ol  angular  and  rounded  patches  of  dark  material  in  the 
granite  of  the  Little  Cottonwood  canyon  is  taken  as  evidence  that 
these  were  pebbles  of  a  conglomerate  before  its  metamorphism.  The 
rocks  are  chiefly  hornblendic  gneiss  and  syenite,  with  quartz  veins. 

Howell  31,  in  1875,  states  that  in  Bock  canyon,  near  Provo,  pebbly 
chlorite-schist  is  unconforniably  below  hard  quartzite. 

Emmons,  (S.  F.)6,  in  1877,  describes  the  Wasatch  range  as  a  sharp 
north  and  south  anticlinal  fold  over  preexisting  ridges  of  granite  andj 
unconformable  Archean  beds,  the  axis  being  bent  and  contorted  by 
longitudinal  compression  so  that  at  times  it  assumes  a  direction  approx- 
imately east  and  west.  In  connection  with  the  folding  is  a  widely  ^ 
spread  system  of  faulting  and  dislocation,  in  a  direction  generally  par- ; 
allel  to  the  main  line  of  elevation,  which  has  cut  off  and  thrown  down 
the  western  members  of  the  longitudinal  folds  and  the  western  ends  of 
the  transverse  folds,  and  they  are  now  buried  beneath  the  valley  plains. 
In  the  northern  region  is  a  second  broad  anticlinal  fold  to  the  east  of 
the  main  line  of  elevation.  This  mountain  range  occupies  the  line  of 
former  Archean  uplift,  around  which  were  deposited  a  thickness  of 
30,000  or  40,000  feet  of  practically  conformable  beds  extending  upward 
from  the  Cambrian  to  the  Jurassic.  At  the  base  of  the  Paleozoic  is  the 
Cambrian  formation,  which  has  a  small  thickness  of  calcareous  slates 
bearing  Primordial  fossils  and  a  great  thickness  of  white  quartzite,  in- 
cluding a  few  micaceous  beds  and  argillites,  the  whole  being  12,000- 
feet.  The  granite  mass  constituting  the  center  of  the  Wasatch  was 
not  protruded  through  the  sedimentary' rocks,  but  the  latter  were  de- 
posited around  them,  and  their  present  conditions  are  due  to  subsequent; 
elevation,  flexure,  dislocation,  and  erosion. 

In  the  Cottonwood  canyons  is  a  large  mass  of  granite  which  shows 
a  conoidal  structure,  and,  while  massive,  has  distinct  planes  of  cleavage 
which  dip  50°  to  the  westward.     It  is  a  white,  rather  coarse  grained 
granite,  dotted  here  and  there  with  round  black  spots  where  there  has; 
been  a  concentration  of  the  dark  green  hornblende,  which  is  a  promjH 
nent  constituent  of  the  mass.     On  the  western  flanks  of  the  Cotton- : 
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wood  granites  are  some  remnants  of  Archean  quartzites  and  schists, 
which  have  a  general  strike  northeast,  and  dip  from  45°  to  60°  to  the 
westward.  At  the  month  of  the  Little  Cottonwood  canyon  they  con- 
sist of  a  body  of  quartzites  about  1,000  feet  in  thickness.  These  qua  rtz 
ites  are  different  from  the  Cambrian  quartzites  of  the  Big  Cottonwood 
canyon :  they  contain  mica  in  varying  quantity,  and  where  this  is 
abundant  approach  a  true  mica-schist.  Toward  the  mouth  of  the  can- 
yon the  mica  is  replaced  by  hornblende.  Between  the  Cottonwood 
canyons  is  about  2,000  feet  of  Archean  slates,  quartzites,  hornblende- 
schists,  and  mica  schists.  The  Cambrian  slates  above  the  granites  oi 
the  Cottonwood  stand  at  an  angle  of  45°  dipping  to  the  northeast.  It 
is  difficult  to  tell  whether  the  granite  should  be  considered  as  a  part  oi 
the  main  granite  body,  which  it  does  not  resemble  very  closely,  or  with 
the  later  outbursts  of  granite-porphyries  and  diorites  which  intersect 
the  sedimentary  beds  of  this  region.  These  dikes  are  very  frequent, 
especially  around  the  Clayton  peak  mass,  and  in  the  region  where  the 
mineralization  of  the  beds  has  been  most  developed.  One  of  these  in 
the  Wasatch  limestones  is  a  dike  20  feet  wide  of  syenitic  granite- 
porphyry.  The  Paleozoic  beds  of  the  Cottonwood  canyons,  which  fold 
around  and  partly  cover  the  granite  bodies,  have  been  subjected  to  in- 
tense compression  and  local  metamorphism,  and  cut  by  intrusive  dikes 
and  mineral  veins. 

The  Farmington  Archean  body  is  composed  of  a  conformable  series 
of  gneisses,  mica-gneisses,  and  quartzites,  12,000  or  15,000  feet  thick, 
which  dip  westerly  at  about  15°  or  20°.  The  lowest  part  of  the  series 
is  coarse  and  structureless,  but  it  grades  up  into  an  evenly  bedded 
rock. 

Hague,0  in  1877,  describes  the  northern  Wasatch  region  and  the 

region  north  of  Salt  lake.     The  geological  structure  of  the  Front  range 

remains  of  the  same  type  as  to  the  southward,  but  the  Archean  rocks 

are  less  abundant.     In  the  lower  canyon  of  the  Weber  river  are  rocks 

like  the  Farmington  Archean  body,  which  have,  however,  a  westerly 

dip  of  40°.     The  Cambrian  quartzite  of  Ogden  peak  lies  unconformably 

pn  the  edge  of  the  Archean  beds.     In  the  Ogden  canyon  the  quartzite 

s  occasionally  conglomeratic,  containing  pebbles  of  quartzite  and  jas- 

er.    These  pebbles  are  sometimes  flattened  and  elongated  in  almond- 

haped  bodies,  and  are  frequently  distorted  and  banded  into  curious 

forms.     Sometimes  two  or  more  pebbles  are  pressed  together  so  as  to 

brm  apparently  one  mass.    The  flattened  pebbles  appear  with  their 

onger  axes  in  parallel  planes. 

King,7  in  1878,  states  that  on  the  west  side  of  the  Wasatch  is  a  fault 
vhich  has  thrown  the  layers  downward  from  3,000  to  40,000  feet.  The 
Lrchean  rocks  occupy  the  core  of  the  range.  Above  these  is  uncon- 
brmably  exposed  in  the  Cottonwood  canyons  a  conformable  series  of 
aleozoic  strata  30,000  feet  thick.  The  nucleus  of  the  Archean  rocks 
n  the  Cottonwood  area  is  a  mass  of  granite  and  granite-gneiss.    This 
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rock  at  Clayton's  peak  possesses  the  physical  habit  of  a  truly  eruptive 
granite  and  has  been  the  center  of  local  metamorpkisin,  but  the  evi- 
dence points  to  the  belief  that  it  is  of  Archean  age.  In  the  Cotton- 
wood canyon  there  is  no  sharp  division  between  the  structureless  gran- 
ite and  the  bedded  gneissoid  form.  In  the  neighborhood  of  Clayton's 
peak  are  bodies  of  granite-porphyry  which  are  probably  a  dependent 
of  the  granite.  West  of  the  granite  body  of  Little  Cottonwood  canyon 
is  a  belt  of  Archean  schists  and  quartzites  having  a  thickness  of  2,000 
or  3,000  feet  and  dipping  at  a  high  angle  to  the  northeast.  In  the  Lit- 
tle Cottonwood  canyon  the  quartzites  are  in  junction  with  the  granite, 
while  at  the  mouth  of  Big  Cottonwood  canyon,  in  direct  contact  with 
the  granite  is  mica  schist.  Between  the  Archean  granite  and  the  crys- 
talline schists  there  are  no  transitions  such  as  to  lead  to  the  belief  that 
the  granite  is  a  more  highly  metamorphic  form  of  the  schist.  The  con- 
tact is  clearly  denned,  the  rocks  mineralogically  dissimilar,  and  the 
granite  is  either  an  intrusive  mass,  or  else  an  original  boss  over  which 
the  Archean  sedimentary  materials  were  deposited.  The  absence  of 
granite  dikes  in  the  schists  strengthens  the  belief  that  the  granite  is 
older.  The  Cambrian  rocks  are  in  such  a  position  as  to  indicate  that 
the  granites  and  schists  alike  antedate  them,  although  in  some  in- 
stances intrusive  dikes  do  cut  the  marbleized  limestone,  but  they  are 
middle-age  porphyries,  not  to  be  confounded  with  the  Archean  crystal- 
line rocks. 

In  the  next  Archean  mass  to  the  north — the  Farmington  area — in 
Sawmill  canyon,  there  seems  to  be  two  distinct  series.  The  later  series 
consists  of  conformable  beds  of  gneiss,  quartzite,  and  hornblende- 
schist,  which  dip  west  at  angles  from  15°  to  40°  ,  and  rest  unconform- 
ably  upon  an  intensely  metamorphosed  material  composed  of  quartz, 
orthoclase,  and  muscovite.  In  reference  to  the  Farmington  gneisses  it 
is  said:  A  mica-schist  passing  into  a  hornblende-schist,  or  a  horn- 
blende-schist into  a  granite,  or  a  gneiss  rock  into  an  argillite,  along 
the  line  of  their  longitudinal  extensions,  are  phenomena  which  fail  to 
appear  on  the  fortieth  parallel.  The  small  granitoid  body  in  Sawmill 
canyon  is  referred  to  the  Laurentian,  while  the  second  series  of  meta- 
morphic rocks,  comprising  the  gneisses  and  schists,  12,000  or  14,000 
feet  thick,  are  referred  to  the  Huronian,  as  are  also  the  argillites  of 
Salt  lake  islands. 

The  Paleozoic  series  of  the  Wasatch,  although  30,000  feet  in  thick- 
ness, show  in  their  lowest  portions  only  a  very  slight  tendency  to  become 
crystalline  schists.  The  pre-Cambrian  topography  of  the  northern  part 
of  the  Wasatch  was  that  of  dome-like  peaks  with  gently  inclined 
sides.  The  Cottonwood  canyons,  however,  presented  an  almost  pre- 
cipitous face  of  30,000  feet  to  the  westward.  The  height  of  the  range 
was  then,  therefore,  from  17,000+  feet  to  30,000-f  feet. 

Passing  upward  from  the  Archean,  at  the  base  of  the  Paleozoic 
slates  are  Lower  Cambrian  slates  and  dark  argillites  and  intercalated 
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siliceous  schists  800  feet  thick ;  above  this  Cambrian  quartzite,  an  im- 
mense series  of  siliceous  and  arkose  rocks  12,000  feet;  and  above  this 
Cambrian  calcareous  shales  of  variable  thickness,  and  containing  Pri- 
mordial fossils,  75  to  600  feet.  This  great  thickness  is  found  in  the 
Cottonwood  area,  on  the  lower  half  of  Big  Cottonwood  canyon,  and 
from  Big  Cottonwood  canyon  in  a  northeasterly  direction  across  the 
spur  which  divides  the  waters  of  Cottonwood  creek  from  Mill  creek. 
In  other  localities  the  Cambrian  is  far  thinner  or  wholly  absent.  The 
section  in  the  Big  Cottonwood  canyon,  in  passing  upward,  comprises 
black  slates  and  thinly  laminated  ar^illites  800  or  900  feet  in  thickness; 
above  these,  8,000  or  9,000  feet  of  mixed  siliceous  schists  and  argilla- 
ceous schists;  above  these;  3,000  feet  of  true  quartzite  capped  by  200 
feet  of  schistose  rock,  quite  micaceous  toward  the  bottom,  and  at  Twin 
peak  approaching  a  true  mica- schist.  At  the  second  section  the  series 
consists  of  four  members :  the  bottom  slates,  800  feet  thick ;  varying 
siliceous  and  argillaceous  schists,  containing  some  mica-bearing  zones, 
8,000  or  9,000  feet  thick ;  salmon  colored  and  white  quartzites,  inter- 
calated with  dark  schists,  2,500  to  3,000  feet;  and  the  capping  schists 
of  200  feet,  which  are  partly  argillaceous  and  calcareous  rocks  and 
partly  mica-bearing  argillites.  Passing  up  the  Little  Cottonwood,  the 
successively  higher  members  of  the  Cambrian  rest  against  the  granite 
until  the  latter  rises  into  contact  with  the  Silurian  limestone,  which 
conformably  overlies  the  Cambrian.  Although  a  careful  search  was 
made  in  these  schists  no  fossils  were  found. 

Geikie,32  in  1880,  discusses  the  nature  of  the  pre-Cambrian  mountains 
of  the  Wasatch  and  the  eruptive  or  metamorphic  origin  of  the-  Cotton- 
wood granite.  That  this  granite  is  eruptive  is  maintained  on  the 
grounds  of  the  enormous  height  of  the  cliff  which  would  be  required  in 
case  it  was  an  Archean  island ;  that  if  it  were  an  old  shore  line,  some- 
where granite  pebbles  would  be  found  to-day;  that  the  granite  is  said 
by  King  to  be  a  source  of  local  metamorphism;  that  there  are  porphy- 
ries cutting  the  limestones,  probably  dependent  on  the  granite;  and 
that  it  is  exceedingly  improbable  that  there  was  a  cliff*  12  miles  high 
which  has  been  turned  over  on  its  back  as  required  by  the  descriptions 
and  sections  by  King.  All  these  difficulties  are  overcome  by  regarding 
the  granite  as  a  subsequent  intrusive  of  post- Carboniferous  age. 

Waloott,33  in  1886,  describes  the  Big  Cottonwood  canyon  section  of 
Cambrian  rocks,  which  is  found  to  be  12,000  feet  thick.  It  consists  of 
shales,  quartzites,  sandstones,  and  slates.  The  upper  250  feet  of  shale 
bears  the  Oienellus  fauna,  while  other  layers,  although  in  a  most  excel- 
lent condition  for  finding  fossils,  did  not  reveal  any.  The  Oienellus 
horizon  is  placed  at  the  base  of  the  Middle  Cambrian  and  the  great  re- 
maining part  as  Lower  Cambrian. 

Emmons,  (S.  F.),34  in  1886,  discusses  the  possibility  of  the  post-Cam- 
brian eruptive  character  of  the  Cottonwood  granite.  This  body  occu- 
pies an  area  of  about  ,7  by  15  miles,  and  a  thickness  of  some  5  miles  of 
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sedimentary  rocks  abuts  against  its  northern  side,  the  principal  mem- 
bers sweeping  around  and  in  part  covering  its  eastern  portion  and  con- 
tinuing southward  in  an  almost  horizontal  position.  There  is  no  especial 
disturbance  of  these  beds  in  contact  with  the  granite  so  far  as  observed. 
Neither  are  any  masses  or  fragments  of  sedimentary  rock  included  in 
the  granite.  Regional  metamorphism  exists  in  changing  the  sandstone 
to  quartzite  and  limestone  to  marble,  and  porphyry  dikes  cross  the 
sedimentary  strata,  but  these  have  no  necessary"  connection  with  the 
granite.  If  the  granite  is  an  intrusive  mass  cutting  the  Carboniferous 
strata,  it  is  necessary  to  believe  that  it  Las  assimilated  or  eaten  np  over 
500  cubic  miles  of  sedimentary  rocks.  If  it  has  done  this  it  has  left  no 
trace  of  fusion  in  the  adjoining  rock,  and  without  showing  in  its  own 
structure  and  position  any  marked  variation  from  that  of  a  normal 
rock.  It  is  farther  difficult  to  understand  where  the  great  supply  of 
heat  is  to  be  obtained  to  do  this  work. 

Walcott,35  in  1889,  places  the  Olenellus  horizon  at  the  base  of  the 
Cambrian  and  the  great  series  of  conformable  siliceous  rocks,  11,000 
feet  thick,  below  this  zone  as  pre-Cambrian  or  Algonkian  rocks. 

Van  Hise,9  in  1889,  made  an  examination  of  several  canyons  of  the 
Wasatch.  While  the  Cottonwood  granite  mass  has  a  regular  struc- 
ture which  is  seen  in  the  great  cliffs,  it  is  apparently  completely  mass- 
ive, even  in  huge  blocks.  The  apparent  lamination  is  due  to  the 
parallel  arrangement  of  the  minerals,  which  have  crystallized  with 
their  longer  axis  in  the  same  direction.  The  lamination  of  the  granite 
is  not  more  marked  than  is  the  case  with  some  of  the  unmistakable 
gabbros  of  the  Keweenaw  series.  An  examination  of  the  granite  in 
thin  section  shows  that  the  feldspars  have  universally  a  well  marked 
and  beautiful  zonal  structure,  such  as  is  known  only  in  eruptive  rocks. 
Sections  of  some  of  the  black  bowlder-like  areas  so  common  in  the  gran- 
ite differ  from  the  mass  of  granite  only  in  that  hornblende  is  more  plen- 
tiful. The  main  Cottonwood  mass  and  Clayton  peak  granite  are 
identical  in  character.  In  places  the  sedimentary  rocks,  and  especially 
the  limestones,  are  exceedingly  metamorphosed.  In  one  place,  near 
the  head  of  Little  Cottonwood  canyon,  at  a  contact  with  the  granite  it 
was  exceedingly  difficult  in  the  field  to  tell  where  the  white  granite 
ended  and  the  crystalline  marble  began.  In  thin  section  there  is  no 
difficulty  in  separating  the  marble  and  granite,  so  that  there  is  no 
transition  here.  However,  the  granite  became  a  true  porphyry  in 
places,  a  fact  difficult  of  explanation  uidess  it  is  regarded  as  a  later 
intrusive. 

In  the  Cambrian  of  the  Little  Cottonwood  was  found  a  conglomerate 
which  carries  unmistakable  granite  pebbles  and  black  fragments  which 
were  thought  in  the  field  to  resemble  the  black  hornblendic  areas  so 
often  mentioned  in  the  granite.  These,  however,  when  examined  in 
thin  section  were  found  to  be  entirely  unlike  those  contained  in  the 
granite.  The  granite  fragments  are  small  and  sparse  and  do  not  ap- 
pear to  be  litholog'ically  like  the  massive  granite  of  the  Cottonwood. 
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An  examination  of  the  Weber  canyon  of  the  Farmington  area  showed 
that  the  rocks,  instead  of  always  having  a  western  dip  as  described, 
are  most  intricately  and  minutely  folded,  and  dip  both  cast  and  west, 
although  having  a  general  sameness  of  dip  for  considerable  areas.  In 
this  canyon  and  in  Sawmill  canyon  a  search  failed  to  find  evidence  of 
unconformity  between  two  scries  of  Archean  rocks.  The  schists 
and  gneisses  are  cut  by  pegmatitic  granite  veins  in  the  most  irregular 
and  intricate  fashion.  The  main  mass  of  the  lower  part  of  the  Sawmill 
canyon  Archean  is. a  series  of  schists.  In  going  up  the  canyon,  gran- 
ite begins  to  appear  cutting  the  schists,  and  becomes  more  and  more 
prominent  until  it  is  the  most  abundant  material.  It  is  here  exceed- 
ingly coarse,  and  the  whole  appearance  is  that  of  an  intrusive  which 
has  cut  the  schists  and  gneisses  by  numerous  apophyses.  It  is  prob- 
able that  the  small  area  referred  to  by  King  as  being  the  older  uncon- 
formable Archean  was  not  found. 

LITERATURE   OP   THE  PROMONTORY  RIDGE,  FREMONT  ISLAND   AND  ANTELOPE   ISLAND 

RANGES. 

Stansbtjry,1  in  1853,  states  that  granite,  gneiss,  mica-schist,  slate, 
and  hornblende-rock  occur  at  Antelope  and  Fremont  islands.  On  the 
west  side  of  Fremont  island  is  a  bold  escarpment  100  feet  high  of  tal- 
cose  slate,  overlain  by  granite  and  gneiss.  On  Promontory  point  mica- 
slate  and  limestone  were  seen. 

Hague,6  in  1877,  finds  the  promontory  of  Great  Salt  lake  to  consist 
of  quartzites  and  mica-bearing  schists  in  a  conformable  series,  dipping 
to  the  west  about  38°,  and  estimated  to  be  3,800  feet  thick.  In  the 
middle  of  the  series  is  a  zone  of  calcareous  sandstone,  within  which  are 
several  beds  of  limestone.  In  the  vicinity  of  Promontory  station  the 
Archean  schists  are  overlain  by  limestones.  On  Fremont  and  Ante- 
lope islands  are  outcrops  of  Archean  rocks.  That  of  Fremont  island 
consists  of  hornblendic  and  micaceous  gneisses,  dipping  to  the  west, 
while  that  of  Antelope  island  is  mostly  gneisses  with  some  quartzites 
and  mica- slates,  one  of  these  beds  becoming  calcareous  and  approach- 
ing a  limestone. 

LITERATURE   OP   THE   OQUIRRH   MOUNTAINS. 

Hayden,21  in  1873,  describes  regularly  stratified  quartzites  as  resting 
upon  a  series  of  granitoid  strata  in  the  Oquirrh  mountains  at  the  south 
end  of  Salt  lake.  The  quartzites  pass  up  into  micaceous  clays  or  shales, 
then  into  limestones.  The  lower  beds  of  quartzite  and  limestone  are 
probably  of  Silurian  age,  and  it  is  known  that  the  second  limestone  is 
of  Carboniferous  age. 

Emmons,  (S.  F.),6  in  1877,  finds  granite  porphyry  in  the  foot-hills  of  the 
Oquirrh  mountains,  and  in  the  same  range,  at  the  head  of  Bingham 
canyon,  are  diorite  dikes  which  resemble  those  of  the  main  Wasatch 
range. 
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LITERATURE   OF  THE   AQUI   MOUNTAINS. 

Emmons,  (S.  F.),6  in  1877,  describes  at  Bonneville  peak  a  body  of  white 
quartzite  not  less  than  6,000  feet  in  thickness  dipping  to  the  westward. 
In  this  quartzite  arebeds  of  conglomerate  strata,  the  pebbles  of  which  are 
flattened  and  of  argillaceous  rock,  containing  mica  and  becoming  imper- 
fect mica-schists  like  those  east  of  Farmington.  This  series  is  regarded 
as  equivalent  to  the  Cambrian  of  the  Wasatch  on  lithological  grounds, 
because  it  rests  below  a  great  limestone  formation  and  because  it  is 
thicker  than  any  of  the  higher  quartzite  series  of  the  Wasatch.  On 
Grantville  peak  a  similar  series  is  found. 

King,7  in  1878,  describes  in  the  ridge  east  of  Egan  canyon  as  occur- 
ring directly  over  the  granite  several  thousand  feet  of  quartzitic  schists, 
capped  by  about  50  feet  of  highly  laminated  fissile  argillites,  which  are 
quite  similar  to  the  quartzitic  schists  of  the  Wasatch 

LITERATURE   OF   THE    RAFT   RIVER   RANGE. 

Hague,6  in  1877,  describes  in  the  Raft  river  range  a  considerable 
body  of  structureless  medium  grained  granite,  forming  the  central  mass. 

LITERATURE    OF    SOUTHERN   UTAH   AND   SOUTHEASTERN  NEVADA. 

Gilbert,36  in  1875,  states  that  the  ridges  of  the  Basin  range  system 
are  in  part  composed  of  granitic  and  cognate  rocks.  The  granite  occu- 
pies various  positions.  Often  it  is  the  nucleus  of  the  range  against 
which  inclined  strata  rest.  Elsewhere  it  appears  in  dikes,  traversing 
either  the  sedimentary  rocks  or  other  granites.  In  a  few  instances  it 
was  observed  to  overlie  the  sedimentary  rocks,  while  in  a  number  of 
localities  the  evidence  of  its  eruptive  character  is  unequivocal;  in 
others  it  is  plainly  metamorphic,  and  in  by  far  the  majority  of  cases  it 
appears  to  have  assumed  its  relation  to  the  undoubted  sedimentary 
rocks  before  the  upheaval  of  the  combination.  In  the  Granite  mining 
district  the  section  shows  a  white  crystalline  marble  overlain  by  gran- 
ite, which  appears  to  extend  from  the  summit  of  the  range  to  the  oppo- 
site base.  The  axis  of  the  Snake  river  range  consists  of  quartzite  and 
limestone,  with  a  limited  amount  of  crystalline  schists  and  granite. 
Metamorphic  sedimentary  rocks  of  undetermined  age  were  seen  at  a 
number  of  points  and  have  been  regarded  pro  vision  ally  in  mapping  as 
Archean,  with  which  have  been  grouped  the  granitoid  rocks. 

Mahvine,37  in  1875,  states  that  crystalline  rocks  are  found  on  the 
Salt  lake  road  in  the  Virgin  mountains. 

Howell,31  in  1875,  states  that  Granite  rock  is  an  island  of  granite 
in  the  desert,  which  shows  traces  of  bedding,  with  a  high  dip  to  the 
west.  The  nucleus  of  Snake  range  is  granite,  exposed  at  many  places, 
and  overlain  by  quartzite,  shale,  and  limestone. 
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SUMMARY   OF   RESULTS. 

In  the  Uinta  mountains  the  much  folded,  banded,  and  contorted 
granitic  rock  (so-calied  quartzite)  of  Red  creek  canyon,  in  its  crystal- 
line character,  in  the  intricate  way  in  which  it  is  folded  and  is  cut  by 
ancient  metamorphosed  basic  eruptives,  is  more  nearly  analogous  to  the 
fundamental  complex  of  other  areas  in  the  West  than  to  the  Huronian, 
as  has  been  before  suggested. 

The  lithological  analogy  between  the  overlying  Uinta  series  and  the 
Huronian  Sioux  quartzites,  mentioned  by  Hayden,  is  very  close  indeed, 
but  can  be  considered  as  a  guide  of  no  great  importance.  This  great 
series  of  sandstones,  quartzites,  and  shales,  unconformably  below  the 
Carboniferous  and  separated  by  a  great  unconformity  from  the  funda- 
mental complex,  may,  so  far  as  present  certain  knowledge  goes,  belong 
anywhere  from  the  Devonian  to  the  Algonkian. 

That  it  is  the  equivalent  of  the  Weber  conglomerate  of  the  Wasatch 
and  belongs  to  the  Carboniferous,  as  tentatively  placed  by  the  Fortieth 
Parallel  survey,  is  not  likely.  Its  great  thickness,  its  separation  by  a 
very  considerable  unconformity  from  the  fossiliferous  Carboniferous, 
and  its  lithological  character,  combined  with  the  fact  that  a  careful 
search  by  different  observers  has  revealed  no  fossils,  make  it  probable 
that  it  belongs  as  low  in  the  geological  column  as  the  great  basal  quartz- 
ite series  of  the  Wasatch,  in  which  case  it  is  Upper  Algonkian.  It 
is  not  certain  that  the  series  does  not  occupy  a  still  lower  position,  per- 
haps being  equivalent  to  the  Huronian,  as  already  suggested. 

The  general  structure  of  the  Wasatch,  as  explained  by  the  Fortieth 
Parallel  surveyors,  stands  untouched  by  later  work  ;  that  is  to  say, 
there  is  here  a  great  series  of  pre-Cambrian  rocks,  against  which  was 
deposited  unconformably  an  immense  thickness  of  clastic  deposits,  and 
the  abrupt  western  face  of  the  Wasatch  is  due  to  a  great  fault. 

Passing  to  details,  it  is  plain  that  Geikie's  objections  to  the  pre-Cam- 
brian character  of  the  Cottonwood  granite  mass  have  great  weight.' 
However,  it  is  to  be  said  that  while  the  difficulties  involved  in  the 
explanation  of  the  Fortieth  Parallel  surveyors  is  considerable  enough, 
they  do  not  appear  to  the  writer  to  be  so  great  as  indicated  by  Geikie. 
The  pre-Cambrian  mountain  represented  in  the  sections,  instead  of 
being  12  miles  high,  is  but  half  of  that  height,  since  its  height  is  not 
ascertained  by  measuring  its  horizontal  base,  but  by  the  perpendicular 
distance  between  the  extension  of  the  Cambrian  basal  beds  and  the 
topmost  granite.  Also,  if  the  stratified  beds  are  supposed  to  be  de- 
posited about  the  mountain  with  a  slope  away  from  it,  as  is  common 
along  a  steep  shore  line,  the  altitude  of  the  mountain  would  be  even 
less  than  this.  This  estimate  does  not  provide  for  the  increased  alti- 
tude which  the  mountains  must  have  had  before  being  buried.  If  the 
section  is  turned  back  so  as  to  represent  the  stratified  rocks  as  hori- 
zontal, the  average  steepness  of  the  granite  to  its  culminating  point  is 
found  to  be  in  the  neighborhood  of  45°,  the  lower  reaches  being  less 
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than  this,  but  the  steepness  increasing  to  more  than  this  amount  in 
the  upper  slopes  of  the  mountains.  If  the  strata  are  considered  as; 
originally  deposited  with  a  dip  of  10°  away  from  the  mountains,  this 
would  reduce  the  average  slope  of  the  mountain  to  35°.  Even  with 
these  allowances  it  is  to  be  said  that  a  buried  slope  of  this  degree  of  i 
steepness,  which  is  covered  by  the  debris  of  an  advancing  shore  line 
with  the  additional  altitude  of  the  mountains  required  in  order  to  fur- 
nish the  surrounding  debris,  seems  highly  improbable, 

So  far  as  facts  Avere  observed  by  the  writer  bearing  upon  the  ques- 
tion of  the  character  of  the  Cottonwood  granite,  they  tend  in  the  same 
direction  as  Geikie's  conclusion.  If  this  granite  is  supposed  to  be  a 
later  intrusive,  the  metamorphism  of  the  sedimentary  beds  noted  by 
the  Fortieth  Parallel  surveyors,  the  presence  in  them  of  the  granite- 
porphyry  dikes,  the  sharp  contacts  and  manner  in  which  this  eruptive 
mass  cuts  across  the  Archean  crystalline  schists  at  the  foot  of  Little 
Cottonwood  canyon,  are  all  explained.  In  this  connection  it  is  to  be] 
said  that  so  far  as  known  the  zonal  character  of  the  feldspars  so  well 
displayed  by  this  rock  is  nowhere  found  in  such  perfection  in  such, 
ancient  rocks  as  the  pre-Cambrian,  although  this  point  may  not  be  one 
of  much  weight.  If  the  granfte  is  an  eruptive,  the  contained  round 
black  areas  described  by  nearly  all  observers,  and  early  taken  as  evi- 
dence that  the  granite  is  metamorphic,  must  either  be  partially  absorbed 
fragments  caught  by  the  eruptive  mass,  or  else  segregations  of  horn- 
blende which  formed  at  the  time  of  the  crystallization  of  the  rocks.  If 
the  post-Cambrian  eruptive  origin  of  the  granite  be  accepted,  there  is 
no  necessity  for  considering  the  Wasatch  fault  of  such  great  magni- 
tude and  the  pre-Cambrian  mountains  of  almost  incredible  steepness 
and  height. 

Upon  the  other  side,  it  must  be  said  that  if  the  estimate  given  by 
Emmons  of  the  amount  of  sedimentary  material  of  necessity  absorbed 
by  the  eruptive  theory — 500  cubic  miles — be  correct,  it  is  almost  an 
equal  strain  upon  belief.  In  this  connection  the  question  arises  whether 
a  closer  study  of  the  region  will  not  show  that  the  Cambrian  strata 
have  a  quaquaversal  arrangement  about  the  Cottonwood  granite  as  do 
the  Silurian,  Devonian,  and  Carboniferous  strata,  'the  edges  of  the 
Cambrian  being  uptilted,  and,  like  them,  the  structure  as  a  whole  being 
batholitic.  While  it  may  be  found  that  the  entering  granite  has  ab- 
sorbed a  portion  of  the  Cambrian  qnartzite,  the  amount  thus  assimi- 
lated  would  be  comparatively  small.  On  this  hypothesis  the  present 
distribution  of  the  rocks  would  be  explained  by  intrusion  and  erosion. 

The  relations  of  the  elastics  to  the  much  larger  Fannin gton  and 
northern  Archean  areas,  unquestionably  older  than  the  sedimentaries, 
are  such  as  to  require  comparatively  low  and  relatively  gentle  slopes 
and  pre-Cambrian  mountains  not  higher  than  from  12,000  to  18,000 
feet;  that  is,  mountains  not  higher  than  those  at  present  existing  adja- 
cent to  the  ocean. 
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In  the  Wasatch,  among  the  rocks  whieh  the  Fortieth  Parallel  .survey 
jalciced  as  pre-Cambrian,  the  Writer  was  able  to  find  no  rocks  which  are 
not  completely  crystalline.  An  examination  of  the  specimens  collected 
by  that  survey  showed  no  clastic  rocks.  Ill  the  Farming-ton  area  the 
crystalline  schists  and  gneisses  are  cut  by  coarse,  intrusive  granites; 
hence,  so  far  as  at  present  known,  aside  from  the  usual  fundamental 
crystalline  complex,  there  is  no  evidence  of  any  rocks  below  the  con- 
formable succession  placed  in  the  Paleozoic,  excepting  the  small  area  of 
quartzites  and  quartzose  mica-schists  at  the  foot  of  the  Cottonwood 
canyons.  The  reference  of  the  basement  complex  of  the  Wasatch  to 
the  Huronian  on  lithological  grounds  by  the  Fortieth  Parallel  Survey 
could  have  been  made  only  by  a  mistaken  conception  of  the  real  char- 
acter of  that  series.  This  complex  is  lithologieally  much  more  nearly 
like  the  crystalline  complex  of  rocks  usually  referred  to  the  Laurent  ian- 
•  The  calcareous  argillites*,  limestone,  and  the  quartzites  occurring  on 
Antelope  island  and  Promontory  ridge  are  of  a  different  lithological 
character  from  the  main  area  of  Wasatch  Archean  and  may  represent 
a  later  series  of  rocks.  To  this  series  the  Lower  Cottonwood  schists 
may  also  belong.  There  is  no  decisive  structural  evidence  in  the  nature 
of  known  contacts  showing  that  these  rocks  are  older  than  the  lower 
part  of  the  succession  which  was  referred  to  the  Paleozoic,  but  the 
latter  series  is  nowhere  so  crystalline,  and  the  fact  that  these  rocks 
were  placed  in  the  Archean  rather  than  the  Paleozoic  by  the  Fortieth 
Parallel  survey  shows  that  the  affinities  of  these  rocks  were  thought  to 
be  with  the  former.  Since  part  of  the  rocks  here  included  are  certainly 
of  clastic  origin,  it  appears  that  there  is  in  this  region  representatives 
of  the  Algonkian  system. 

Below  the  Olenellus  fauna  in  the  great  succession  of  rocks  referred 
to  the  Paleozoic  by  the  Fortieth  Parallel  survey  is  a  conformable  infe- 
rior series  of  quartzites  and  schists  about  12,000  feet  in  thickness. 
There  is  no  evidence  that  these  are  not  pre-Olenellus,  and  they  are  there- 
fore doubtfully  mapped  as  pre-Cambrian  or  Algonkian.  The  descrip- 
tions of  this  series  show  that  it  is  a  considerably  altered  one.  The  sand- 
stones have  been  indurated  to  quartzites,  and  the  mica-schist  of  Twin 
peak  is  quite  crystalline.  If  this  reference  jof  the  Wasatch  lower  quartz- 
ite  to  the  Algonkian  proves  correct,  it  stands  as  the  uppermost  series 
of  this  system,  in  a  position  equivalent  to  tin1  great  series  of  barren 
slates  of  Montana,  described  by  Davis  and  Peale  as  conformably  below 
the  Cambrian. 

SECTION  V.     NEVADA,  NORTH  OF  PARALLEL  39°  30'. 

LITERATURE. 

Schiel,38  in  1855,  states  that  in  the  Humboldt  and  other  island  moun- 
tains of  the  desert  west  of  Salt  lake  are  granites,  syenites,  quartzose 
rocks,  and  clay-slates. 
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Emmons,  (S.  F.),  and  Hague,6  in  1877,  describe  the  mountain  ranges 
of  the  Nevada  plateau  and  the  Nevada  basin. 

Granites  constitute  the  entire  cores,  or  a  large  part  of  the  cores,  in 
the  following  ranges:  Ibenpah,  Wachoe,  Antelope,  Schell  creek,  Egan, 
Franklin  buttes,  Ombe,  Gosi-ute,  Peoquob,  East  Humboldt,  White  Pine 
or  Pogonip,  Wah-weah,  Gortez,  Seetoya,  Shoshone,  Toyabe,  Augusta, 
Fish  creek,  Havallah,  Pah-ute,  West  Humboldt,  Montezuma,  Pah-tson, 
Granite,  Pah-supp,  Sah-wave,  Truckee,  and  Lake. 

In  the  hills  between  Antelope  and  Schell  creek  mountains,  in  the 
Goose  creek  hills,  and  in  Franklin  buttes,  granite-porphyry  is  also  found. 
In  the  Franklin  buttes  there  is  a  gradation  from  syenitic  granite, 
through  granite-porphyry,  into  genuine  felsite-porphyry.  The  hills 
between  the  Antelope  and  Schell  creek  ranges  contain  cores  of  granite, 
east  of  which  are  inter  stratified  beds  of  dolomite,  marble,  and  dikes  of 
granitic  porphyry.  These  are  considered  to  represent  the  development 
of  an  Archean  body. 

The  granite  of  the  Wachoe  range  is  different  in  its  lithological  char- 
acter from  the  Eaft,  Ombe,  Gosi  ute,  and  Peoquob  ranges,  and  is  there- 
fore regarded  as  eruptive.  No  decisive  evidence  shows  its  age,  but  it 
is  regarded,  because  of  the  nature  of  its  occurrence,  structure,  and  min- 
eralogical  habit,  as  probably  Jurassic.  The  granite  of  the  Fish  creek 
mountains  is  structureless  and  would  'seem  to  be  an  intrusive  body. 
The  entire  mass  of  the  Pah-supp  range  consists  of  granites  which  resem- 
ble the  later  granite  of  the  Pah-tson  range. 

The  Cluro  hills  of  the  Gortez  range  are  composed  of  syenite- granite, 
which  is  the  only  true  syenite  found  in  the  region. 

The  Peoquob,  East  Humboldt,  Shoshone,  West  Humboldt,  Monte- 
zuma, Pah-tson,  Truckee,  Lake,  and  Pea  Vine  mountains  contain, 
besides  the  granitic  rocks,  various  crystalline  slates  and  schists  which 
are  regarded  as  Archean.  On  Spruce  mountain  of  the  Peoquob  range 
are  mica-schists  and  mica-slates  which  probably  belong  to  the  older 
series,  but  the  relations  are  obscure.  They  are  distinctly  bedded,  finely 
laminated,  and  similar  to  the  crystalline  schist  series  of  the  Humboldt 
range.  The  East  Humboldt  range,  the  main  range  of  central  Nevada, 
is  a  mass  of  Archean  rocks?  which  acts  as  the  axis  of  an  anticlinal  fold 
and  upon  which  rest  unconformably  the  Devonian  and  Carboniferous 
strata.  The  southern  part  of  the  range  is  composed  of  granite  in  two 
large  areas,  which  possesses,  at  White  Cloud  peak,  the  characteristics 
of  an  eruptive  granite,  there  being  no  distinct  lines  of  bedding,  although 
divisional  planes  are  noticeable.  The  northern  granite  mass  is  uncon- 
formably overlain  by  a  series  of  quartzites,  hornblende-schists,  andj 
gneisses  which  contains  beds  of  dolomitic  limestone  from  1  to  6  feet 
in  thickness,  separated  by  micaceous  quartzites  and  mica- schists.  This 
series,  estimated  in  the  northern  part  of  the  range  to  be  from  5,500  to 
6,000  feet  in  thickness,  is  best  seen  on  Clover  canyon  and  Boulder 
creek.    There  is  every  gradation  between  the  coarse  gneissoid  phases 
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and  the  fine  grained  mica-schists.  The  granite  of  the  Humboldt  is 
similar  to  the  Lauren tian  of  the  Appalachian,  while  the  unconformably 
overlying  series  closely  resembles  the  eastern  Hurooian.  In  the  South- 
ern Shoshone  range  an  original  Archean  island  is  wrapped  around  by 
fine  grained  micaceous  slate.  ^The  Archean  granite  of  E-avenswood 
peak  has  remarkably  regular  bedding  planes  apparently  conformable 
to  those  of  the  overlying  slates,  which  give  it  the  appearance  of  being 
a  stratified  granite,  although  it  at  the  same  time  traverses  the  slates 
in  dikes.  The  Ravenswood  peak  granite  to  the  east  is  essentially  dif- 
ferent from  the  Archean  granite  and  is  evidently  of  later  origin.  In 
the  West  Humboldt  range  the  granite  shows  structural  planes.  Along 
its  northern  and  western  edge  it  is  overlain  by  a  series  of  metamorphic 
schists  and  gneisses,  which  are  in  turn  overlain  by  fine,  white,  knotted 
schists.  The  strike  of  these  beds  is  N.  38°  E.,  and  they  stand  nearly 
vertical.  The  contact  of  the  granite  and  schist  shows  in  a  horizontal 
plane  irregular  angular  intrusions  of  the  former  into  the  latter,  masses 
of  schists  lying  in  the  granite  and  extending  as  promontories  from  the 
main  mass  for  400  or  500  feet.  The  line  of  demarcation  between  the 
two  bodies  is  easily  observed,  and  there  seems  to  be  no  tendency  for 
the  schists  to  pass  by  gradation  into  the  granite.  Dikes  penetrate 
both  the  granite  and  schists.  The  range  is  regarded  as  an  anticlinal 
fold.  In  the  Montezuma  range  are  slates  and  schists  which  rest  uncon- 
formably upon  the  granite.  The  Pah-tson  mountains  consist  almost 
entirely  of  granite  and  crystalline  schists,  which  are  cut  by  numerous 
dikes,  the  whole  being  regarded  as  Archean,  because  the  dikes  do  not 
cut  later  eruptive  granites,  which  are  found  in  considerable  quantity, 
and  differ  markedly  from  those  which  are  regarded  as  Archean.  In 
the  Truckee  range  are  found  quartzitic  schists  and  hornblendic  rocks 
with  both  older  and  later  types  of  granite.  The  metamorphic  schists 
cut  by  intrusive  granites  referred  to  the  Archean  occupy  but  a  small 
area,  the  later  granites  making  up  the  greater  part  of  the  range.  In 
the  Lake  range  are  granite  and  Archean  gneissic  rocks,  which  are 
quite  unlike  any  other  observed  rocks  in  western  Nevada.  The  Pea 
Vine  mountains  consist  of  quartzites  and  fine  grained  feldspathic  rocks, 
which  are  referred  to  the  Archean,  but  their  relation  to  the  other 
crystalline  rock  masses  has  not  been  made  out. 

In  Schell  creek,  Egan,  Pogonip  or  White  Pine,  and  Pinon  ranges  the 
granite  is  overlain  by  Cambrian  strata.  In  the  Schell  creek  mountains 
are  limestones  bearing  Primordial  fossils  overlying  heavy  bodies  oi 
Cambrian  quartzite.  In  the  Egan  range,  overlying  the  granite,  is  a 
series  several  thousand  feet  thick  of  quartzites  and  quartzitic  schists 
with  a  50-foot  bed  of  roofing  slate.  The  main  mass  of  quartzite  is 
thoroughly  vitrified,  showing  little  trace  of  granular  structure.  A  por- 
tion of  the  quartzites  show  evidence  of  having  been  submitted  to  great 
pressure,  and  the  slate  at  times  gets  to  be  micaceous,  and  even  becomes 
a  normal  mica-schist.    This  series  doubtless  represents  the  Cambrian, 
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but  the  direct  contact  of  the  overlying  limestones  was  not  observed. 
Overlying  the  granite  of  thePogonip  mountains,  apparently  unconforma- 
ble with  the  granite,  are  outcrops  of  mica-slate  and  black  arenaceous  and 
argillaceous  slates  and  shales,  in  turn  overlain  by  an  undetermined 
thickness  of  compact  vitreous  quartzite.  Above  this  quartzite  (regarded 
as  Cambrian  because  resembling  the  Cambrian  quartzites  of  the  other 
Nevada  localities)  occurs  the  Pogonip  fossiliferous  limestone  the  higher 
beds  of  which  are  referred  to  the  Quebec  group.  In  the  Piiion  range, 
below  the  heavy  Silurian  limestone  there  occurs  a  heavy  bed  of  red  and 
brown  quartzite  underlain  by  mica-schists  and  quartzitic  schists  5,000  feet 
in  thickness,  which  from  their  position  inferior  to  the  Silurian  and  their 
similarity  to  the  Wasatch  Cambrian  arexeferred  to  the  Cambrian  age. 

In  the  East  Humboldt  range  overlying  the  granite  is  quartzite,  which 
is  referred  to  the  Ogden,  but  without  any  overlying  rock.  In  the 
Wah-weah  range,  surrounding  the  granite,  occurs  a  heavy  bed  of 
quartzite,  which  is  referred  to  the  Ogden  Devonian,  although  but  little 
examined. 

In  the  Ombe,  G-osi-Ute,  Peoquob,  Little  Cedar,  Toyano,  Fountain 
Head,  Cortez,  Eiver,  Northern  Cortez,  and  Battle  ranges  the  rock over- 
*  lying  the  granite  is  a  nonfossiliferous  quartzite  referred  to  the  Weber. 
These  quartzites  are  generally  of  a  bluish  gray  color,  contain  flint  and 
elicit  fragments,  often  angular,  and  jasper  pebbles,  sometimes  have  thin 
seams  of  carbonaceous  material,  are  often  ferruginous,  and  not  infre- 
quently con glomeratic.  At  these  ranges  the  Weber  is  overlaid  by  heavy 
bodies  of  limestone  referred  to  the  Upper  Coal-measures,  generally 
carrying  fossils  to  the  contact  with  the  quartzite.  At  most  of  these 
ranges  the  quartzite  is  several  thousand  feet  thick,  sometimes  as  much 
as  6,000  or  7,000.  At  Pilot  peak  of  the  Ombe  range,  interstratified 
with  the  quartzites,  are  mica-schists,  and  the  series  resembles  the  Cam- 
brian of  Bonneville  peak,  Aqui  mountains.  In  the  Seetoya  and  Sho- 
shone ranges  the  quartzites  referred  to  the  Weber  are  between  heavy 
beds  of  limestones,  and  in  Two  Cubits  it  conformably  overlies  an 
enormous  development  of  Wasatch  limestone. 

The  stratified  rocks  overlying  the  Havallah,  Pah-Ute,  West  Hum- 
boldt, and  Truckee  granites  are  referred  totheTriassic;  that  overlying 
the  granites  of  the  Pah-supp  range  is  referred  to  the  Jurassic $  while 
the  gray  slates  resting  un conformably  above  the  Sah- wave  are  referred 
to  the  Miocene.  These  references  are  mostly  made  on  lithological 
grounds,  because  no  Paleozoic  strata  have  been  recognized  west  of  the 
Battle  mountains,  although  in  certain  cases  paleontological  evidence  is 
found. 

It  is  remarked  that  throughout  Nevada  are  large  bodies  of  quartzites 
without  any  clue  to  their  stratigraphical  relations  with  an  underlying 
or  overlying  limestone,  the  adjacent  rocks  being  either  granites  or  Ter- 
tiary volcanic  outflows.  It  is  then  exceeding  difficult,  if  not  impossi- 
ble, definitely  to  determine  their  true  geological  horizons.     In  many 
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cases  litliological  and  structural  resemblances  furnish  a  strong  aid, 
which,  when  followed  up,  not  infrequently  throw  the  evidence  in  favor 
of  one  or  the  other  of  the  great  zones  of  quartzites  j  but  in  many  cases 
such  resemblances  are  meager,  and  the  references  are  made  upon  theo- 
retical grounds,  being  upon  slight  evidence,  or  even  personal  impres- 
sions received  in  the  field. 

King,7  in  1878,  describes  many  of  the  Nevada  ranges. 

In  the  Gosi-Ute  range  the   Archean  rocks  are  granite,  granite-por- 
phyries, and  crystalline  dolomites,  all  of  which  are  interlaminated  and 
are  chemically  allied  to  those  of  the  Humboldt  range.     That  the  gran- 
ite-porphyries are  interstratified  with  the  marbles  confirms  the  proba 
bility  of  their  being  metamorphic. 

The  Archean  of  the  Humboldt  range,  with  the  exception  of  a  small 
body  of  granite,  is  composed  of  a  conformable  series  of  gneisses,  gneiss- 
[)id  schists  which  are  sometimes  hornblendic,  dolomitic  limestones,  and 
quartzites,  all  of  which  dip  to  the  west.  It  is  evident  by  the  entire  ab- 
sence of  easterly  dipping  Archean  and  Paleozoic  rocks  that  a  fault 
similar  to  that  at  the  Wasatch  has  cut  down  the  core  of  the  range 
from  north  to  south,  and  that  the  eastern  half  is  depressed  below  the 
evel  of  the  Quaternary  plain.  The  White  Cloud  peak  granite  bears  a 
singular  resemblance  to  some  of  the  Huronian  granitoid  rocks,  also 
conceived  to  be  metamorphic.  The  granite  appears  to  underlie  con- 
formably the  series  of  schists.  The  gneisses  of  Clover  peak  can  not  be 
listinguished  in  hand-specimen  from  a  granite,  except  that  there  is  an 
ndistinct  parallelism  of  its  dark  constituents.  Between  this  stage  and 
;he  truly  schistose  gneisses  there  is  every  possible  transition.  The 
imestone  series  is  not  over  50  or  60  feet  thick,  in  beds  from  half  an  inch 
;o  6  feet.  Intercalated  with  the  limestones  are  gneiss  and  porphyries 
rery  like  those  in  the  Gosi-Ute  range.  The  upper  beds  pass  through  a 
ransition  into  the  pure  quartzites.  The  Humboldt  Archean  schists 
lave  a  family  likeness  with   those  of  the   Farmington  region   of  the 

asatch  and  those  of  the  Medicine  Bow. 

In  the  Cortez  range  a  central  body  of  granite  is  invaded  by  syenites, 

overlain  on  the  west  by  a  quartzite,  which  is,  for  the  sake  of  conven- 

nce,  referred  to  the  Weber. 

In  the  Shoshone  range  the  stratified  series  dip  away  from  the  central 

ass,  which  has  rather  the  appearance  of  an  intrusive  core.  From 
heir  likeness  to  other  known  Archean  rocks,  and  for  want  of  reasons 
o  the  contrary,  these  schists,  together  with  the  granite,  are  referred  to 
he  Archean.  Regular  parallel  divisional  planes  are  seen  in  the  gran- 
be,  so  as  to  give  it  an  appearance  of  stratification,  but  as  it  penetrates 
he  schists  in  the  form  of  a  dike,  there  is  no  doubt  of  its  eruptive 
rigin. 

In  the  Havallah  range,  associated  with  the  older  granites,  are  intru- 
ive  granite  bodies,  but  such  occurrences  are  exceptional  along  the 
>£ ea  of  the  fortieth  parallel. 
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In  the  West  Humboldt  range  a  variety  of  crystalline  schists  are 
found  unconformably  upon  the  granite,  there  being  no  tendency  for  a 
passage  to  occur  between  the  two  rocks  and  dikes  of  granitic  material 
invading  the  schists.  In  the  schists  are  roundish  areas  of  quartz, 
which  might  be  explained  on  the  supposition  that  they  are  the  pebbles 
of  conglomerates,  but  they  are  more  probably  an  aggregation  formed 
during  metamorphism. 

In  the  Montezuma  range  the  granite  of  Trinity  peak  is  undoubtedly 
of  eruptive  origin,  as  may  be  determined  from  its  general  habitus  and 
from  its  penetrating  the  Archean  schists  in  well  denned  dikes. 

In  the  Pah-tson  range  the  Archean  nucleus  consists  of  crystalline 
schists,  a  limited  amount  of  granite,  and  a  subsequent  granite  which 
has  cut  through  the  older  granites  and  schists.  These  are  all  cut  by 
dikes  of  later  age,  but  supposed  to  be  Archean. 

The  Truckee  range  is  composed  of  schists  and  granite  representing 
two  periods  of  formation. 

The  Pea  Vine  mountains  consist  of  a  series  of  conformable,  highly 
altered  beds,  striking  from  north  50°  to  65°  east,  made  up  for  the  most 
part  of  fine  grained  quartzite  strata,  riven  in  every  direction  with  mi- 
nute fissures,  which  are  filled  with  ferruginous  material. 

It  is  remarked  that  in  the  absence  of  any  granitic  dikes  penetrating 
the  stratified  series,  or  of  peculiar  local  metamorphism,  or  general  evi- 
dence of  intrusion,  the  bodies  are  usually  referred  to  the  Archean. 
Only  in  cases  where  the  granite  is  actually  seen  to  penetrate  the  open- 
ings in  the  strata  is  it  safe  to  refer  it  to  a  later  age  than  the  sedimen- 
tary series. 

In  the  analytical  map  the  rocks  are  divided  into  two  classes,  the  inten- 
tion being  to  discriminate  those  formations  which  are  sedimentary  from 
the  class  of  eruptive  rocks ;  but  this  line  can  not  be  drawn  with  pre- 
cision, because  the  series  of  gneisses  pass  into  the  massive  layers  and 
because  limited  bodies  of  granite  which  are  massive  might  if  more 
largely  exposed  pass  into  crystalline  schists  or  other  Archean  sedi- 
mentary rocks. 

It  is  not  easy  to  analyze  those  subtle  appearances  which  lead  the 
observer  to  incline  to  one  or  the  other  of  the  two  possible  modes  of  ori- 
gin of  a  granite  outcrop.  Parallelism  of  bedding,  and  even  parallelism 
of  the  arrangement  of  minerals,  are  consistent  with  the  theory  of  an 
eruptive  origin.  Certain  masses  of  gneissoid  granite  appearing  in 
the  great  eruptive  granite  body  of  the  Sierra  Nevada  show  quite  as 
much  parallelism  of  bedding  and  internal  arrangement  of  minerals  as 
the  Eocky  mountain  granites  to  which  we  have  assigned  a  metamor- 
phic  origin ;  yet  the  Sierra  field,  as  a  whole,  is  clearly  eruptive.  But 
at  the  same  time,  in  the  intimate  arrangement  of  the  mineral  particles 
and  in  the  mode  of  contact  between  the  various  mineral  ingredients, 
there  is  a  certain  broad  uniformity  in  all  the  eruptive  granites  which 
produces  a  characteristic  impression  upon  the  eye*    On  the  contrary, 
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the  granites  which  we  conceive  to  have  been  of  metamorphic  origin,  no 
natter  how  simple  the  mineralogical  composition,  have  always  a  pecu- 
liar variability  of  arrangement;  and  even  in  the  absence  of  any  pro- 
nounced parallelism,  they  show  the  effect  of  interior  compression  and 
rregular  mechanical  influences.  On  the  one  hand,  in  the  eruptive 
granites  there  seems  to  have  been  a  steady  expansive  force,  doubtless 
iue  to  the  heat  and  elastic  fluids,  which  gave  to  all  the  particles  a  cer- 
tain independent  polarity,  while  in  the  metamorphic  granites  they  seem 
X)  have  been  crowded  into  constantly  conflicting  positions.  As  the 
^esnlt  of  this,  the  crystalline  particles  of  the  metamorphic  granites  are 
nucli  less  apt  to  have  completed  their  crystallization,  or,  if  it  was  com- 
pleted, they  have  been  crushed  and  torn  asunder  and  their  particles 
scattered,  while  in  the  case  of  the  eruptive  granites  crystallization 
seems  to  have  been  more  i>erfected.  The  result  of  this  is  to  give  to  the 
eruptive  granites  something  of  the  uniformity  of  texture  of  a  volcanic 
X)ck,  while  all  the  metamorphic  granitoid  rocks,  when  once  the  gneis- 
joid  parallelism  of  minerals  is  broken  up,  have  a  crushed,  irregular, 
ind  confused  mode  of  arrangement. 

The  metamorphic  rocks  of  the  Humboldt  mountains,  Franklin  buttes 
md  the  Kinsley  district  are  provisionally  correlated  with  the  Huronian 
>f  Canada. 

The  foregoing  ranges  are  referred  to  the  Archean  simply  on  petrologi- 
al  evidence.  This  mode  of  correlation  is  dangerous,  but  a  general 
tudy  of  the  whole  region  has  strengthened  the  belief  that  in  the  Pa- 
eozoic  series  as  a  whole  there  are  none  of  those  results  of  extreme 
letamorphism  which  in  the  x^ppalachian  system  are  described  by  some 
eologists  as  closely  approximating  to  Archean  forms. 

Besides  mentioning  localities  given  by  Hague  in  which  Cambrian  is 
3und,  it  is  said  that  an  excellent  exposure  of  Cambrian  schists  and 
uartzites  is  found  underlying  the  Pogonip  limestone,  in  the  range  of 

I  ills  including  the  Eureka  Mining  district  and  connecting  the  Diamond 
nd  Pihon  ranges. 
Hague,39  in  1883,  describes  the  Eureka  district  as  a  mountain  block 
sanding  between  the  Piiion  and  Diamond  ranges.     At  the  base  of  the 
>ries  is  the  Prospect  mountain  quartzite,  1,500  feet  thick,  over  which 
a  shale  100  feet  in  thickness  bearing  the  Olenellus  fauna.     One  small 
rea  of  granite  is  found.     The  Prospect  mountain  quartzite  lies  in  con- 
tct  with  and  dips  away  from  it  in  irregular  broken  masses. 
Walcott,33  in  188G,  describes  the  Eureka  series  of  Nevada  as  mid- 
e  Cambrian  and  finds  at  the  top  of  the  Prospect  mountain  quartzite 
le  Olenellus  fauna.     In  the  adjacent  Highland  range  a  more  abundant 
,una  is  found  in  the  lower  1,500  feet  of  quartzite. 
Walcott,35  in  1889,  places  the  lower  quartzite  of  the  Eureka  and 
ighland  sections  as  basal  Cambrian. 
Bull.  86 20 
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SUMMARY   OF   RESULTS. 

It  is  evident  that  west  of  the  Wasatch  no  such  detailed  and  careful 
work  was  done  by  the  Fortieth  Parallel  Survey  as  in  that  range  and  in 
the  ranges  to  the  east.     In  the  Nevada  ranges,  which  contain  granite 
only,  the  reference  of  the  rocks  to  the  Archean  or  to  a  later  period  is 
based  upon  too  little  evidence,  and  it  can  only  certainly  be  said  that  in 
each  case  the  granites  are  older  than  the  oldest  sedimentary  rocks  with 
which  they  are  in  contact  and  do  not  cut.     Some  of  the  granite  areas 
are  said  to  be  as  late  as  the  Jurassic,  as  for  instance  that  of  the  W ashoe 
range,  which  is  in  eastern  Nevada.    That  this  is  an  intrusive  could  be 
determined,  because  it  cuts  the  pre- Jurassic  rocks ;  but  in  the  numerous 
cases  in  western  Nevada  the  undisturbed  sedimentary  rocks  adjacent^ 
to  the  granite  ranges  are  Triassic  or  Jurassic;  so  that  granites  earlier : 
than  these  periods,  but  far  later  than  the  Archean,  would  show  no  3 
structural  evidence  of  their  late  age. 

It  is  now  well  settled  that  granitic-textured  rocks  vary  into  porphy- j 
ritic  forms,  but  to  the  Fortieth  Parallel  Survey  belongs  the  credit  of  anj 
early  recognition  of  this.  In  the  Gosi-Ute  and  Franklin  butte  ranges,] 
in  which  the  rocks  are  referred  to  the  Archean,  the  granites  are  said  to] 
grade  into  granite-porphyries,  and  at  Franklin  butte  into  a  genuine^ 
felsite-porphyry. 

In  the  Gosi-Ute  the  granite-porphyry  is  so  associated  with  crystalline^ 
limestone,  referred  to  the  Archean,  as  to  lead  to  the  conclusion  that^ 
both  the  granite  and  granite-porphyry  are  metamorphosed  sedimentary  j 
rocks.    It  seems  far  more  probable  that  they  are  eruptives  later  than  the 
crystalline  limestone  and  have  been  the  cause  of  its  metamorphism. 
This  explanation  was  applied  by  the  Fortieth  Parallel  surveyors  to  the] 
case  of  the  interstratiiication  of  marbles  and  granitic  porphyry  in  the] 
hills  between  the  Antelope  and  Schell  creek  ranges.    In  the  western  hall 
of  Nevada,  especially,  are  abundantly  found  late  rhyolites,  trachytes,-] 
porphyries,  etc.,  so  that  it  may  be  said  that  this  has  been  a  region  of 
great  volcanic  activity  until  late  time,  the  chemical  composition  ofl 
many  of  the  rocks  being  the  same  as  granite.     While  probably  mistakes 
have  been  made  as  to  the  age  of  the  granites  in  individual  cases,  thej 
general  point  which  King  makes   that  the  ancient  granites  have  a| 
crushed,  irregular,  and  confused  mode  of  arrangement  of  the  minerals  is? 
one  of  considerable  weight,  although  it  would  have  no  bearing  upon 
their  origin ;  for  this  condition  of  the  minerals  would  by  many  geolo- 1 
gists  be  taken  as  merely  evidence  of  powerful  dynamic  action  which 
has  produced  the  present  confused  condition  in  an  eruptive  granite, 
rather  than  the  result  of  metamorphic  processes  upon  a  sedimentary- 
rock.    The  exhibition  of  these  characters  by  one  mass  of  granite  and 
their  lack  in  an  adjacent  one,  indicates  that  the  former  is  of  greater 
age  because  the  other  has  escaped  the  effects  of  dynamic  action. 

In  the  cases  of  the  Schell  creek,  Egan,  Pogonip,  and  Piiion  ranges, 
where  below  the  Olenellus  Cambrian  there  is  a  great  thickness  of  in 
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ferior  conformable  nonfossiliferous  quartzite  and  then  an  unconformity 
before  the  rocks  are  reached  referred  to  the  Archean,  the  conclusion  can 
not  be  questioned.  Also  it  is  probable  that  where  there  is  a  complex 
of  granite,  gneiss,  and  schists  (as  in  many  of  the  mountain  ranges), 
precisely  like  that  found  elsewhere  in  the  West,  and  known  to  be  pre- 
Oambrian,  the  lithological  evidence  for  reference  to  the  Archean  is  suf- 
ficient. Among  such  ranges  are  the  Oortez,  Shoshone,  Havallah,  East 
and  West  Humboldt,  Montezuma,  Pah-tson,  Truckee,  Pea  Vine,  and 
others. 

The  question  as  to  the  separability  of  the  rocks  referred  to  the  Ar- 
chean into  two  series  is  hardly  touched.  In  the  East  Humboldt  it  is 
evidently  thought  that  the  White  Cloud  peak  granite  is  older  than  the 
schistose  series,  the  former  being  regarded  as  Huronian  and  the  latter 
apparently  as  post-Huronian.  One  wishes  that  more  evidence  were 
given  that  the  granite  mass  in  this  case  does  not  cut  the  schists  and 
gneisses  as  in  most  of  the  other  ranges.  This  is  especially  true  because 
Hague  says  the  White  Cloud  mass  has  the  characteristics  of  an  erup- 
tive rock.  More  often  the  granites  cut  the  overlying  schists,  as  in  the 
Shoshone,  Havallah,  West  Humboldt,  Montezuma  and  Pah-tson  ranges, 
so  that  all  of  the  rocks  referred  to  the  Archean  are  in  these  ranges 
basement  complexes. 

Whether  there  is  in  any  of  the  northern  Nevada  ranges  genuine 
elastics  which  are  placed  among  the  Archean  is  not  positively  deter- 
mined. The  quartz- schists,  limestones,  and  mica-schists  of  the  Hum- 
boldt range  seem  to  be  such  a  series,  although  they  have  now  become 
very  crystalline  by  dynamic  action.  In  the  West  Humboldt  range  in 
the  schists  are  mentioned  fragment-like  areas  of  quartz,  which  are 
explained  to  be  aggregations  formed  by  metamorphism.  In  the  Pea 
Vine  range  there  are  quartzites.  While  from  the  descriptions  there 
is  no  definite  indication  that  truly  clastic  series  exist  elsewhere, 
such  may  hopefully  be  searched  for  in  the  Peoquob,  Shoshone,  West 
Humboldt,  Montezuma,  Pah-tson,  Truckee,  with  perhaps  a  greater 
probability  of  success  in  the  Shoshone,  Peoquob,  and  Truckee. 

If  the  lower  10,000  or  12,000  feet  of  quartzite  in  the  Wasatch  below 
the  lowest  fossiliferous  horizon  belong  with  the  pre-Cambrian  rocks,  as 
suggested  in  the  previous  section,  it  is  probable  that  parts  of  the 
quartzites  below  the  Primordial  fauna  in  Schell  creek,  Egan,  Pogonip, 
and  Piiion  ranges  belong  in  the  same  series — that  is,  the  Upper  Al- 
gonkian. 

It  is  possible  that  several  of  the  quartzites  referred  to  the  Ogden 
and  Weber  belong  much  lower  in  the  geological  column  than  supposed, 
for  it  is  stated  that  in  some  cases  these  are  referred  to  the  Weber  or 
Ogden  for  the  sake  of  convenience,  upon  the  slightest  lithological  evi- 
ience,  or  the  mere  personal  impression  of  the  observer.  Some  of  these 
nay  be  as  low  as  Upper  Algonkian.  The  series  referred  to  the  Weber, 
ivhich  in  its  lithological  character  is  most  similar  to  the  Algonkian,  is 
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that  in  the  Ombe  range,  where  inter  stratified  with  the  quartzite  are 
seams  of  mica-schists. 

Upon  general  principles  it  appears  improbable  that  an  equivalent  to 
the  Weber  quartzite  of  the  Wasatch  should  so  widely  be  a  basal  for- 
mation. That  a  quartzite  should  be  the  lowest  formation  adjacent  to 
an  earlier  mountain  range  is  what  one  would  expect,  but  that  in  so 
large  a  proportion  of  the  ranges  should  now  be  found  exposed  as  the 
basal  series  the  same  division  of  a  single  period  is  contrary  to  proba- 
bility. 

SECTION  VI.     COLORADO  AND  NORTHERN  NEW  MEXICO. 

LITERATURE  OF  THE  FRONT  RANGE,  NORTH  AND  EAST  OF  THE  ARKANSAS. 

Long,40  in  1823,  describes  granite  as  succeeding  pudding-stone  or  con- 
glomerate on  Defile  creek.  The  granite  is  coarse  grained  and  rapidly 
disintegrates.  A  high  peak  was  ascended  and  was  found  to  consist  of 
an  indestructible  aggregate  of  quartz  and  feldspar,  with  a  little  horn- 
blende in  small  particles. 

Hayden,3  in  1869,  states  that  all  the  mountains  east  of  the  South 
park  have  a  gneissic  and  granitic  nucleus.  Each  of  the  great  ranges 
of  the  park  are  anticlinal  axes  with  massive  granite  cores  and  gneissic 
granites  inclining  from  each  side  in  the  form  of  ridges.  The  trend  of 
the  ranges  is  in  most  cases  northwest  and  southeast  or  nearly  so.  The 
Azoic  rocks  have  two  planes  of  cleavage,  one  of  them  with  a  strike 
northeast  and  southwest,  and  the  other  at  right  angles.  Besides  these 
cleavage  planes  there  are  in  most  cases  distinct  lines  of  bedding.  At 
Golden  city  the  sandstones  lie  close  to  the  metaniorphic  rocks,  inclin- 
ing 30°  to  54°. 

Mar  vine,41  in  1874,  describes  fully  the  metaniorphic  crystalline  rocks 
of  the  Front  range.  The  rocks  of  this  great  area  are  mostly  composed 
of  schists,  gneisses  and  granites.  Disregarding  unimportant  occur- 
rences of  undoubted 'ancient  eruptives,  as  well  as  some  minor  granite 
areas  of  uncertain  nature,  the  series  as  a  whole  must  be  regarded  as  a 
system  of  ancient  sedimentary  rocks  which  have  undergone  the  most 
profound  metamorphism,  the  result  of  which  over  large  areas  has  reached 
the  last  term,  structureless  granite.  Considering  the  extent  and  an- 
tiquity, the  formation  as  a  whole  is  remarkably  simple  and  uniform, 
running  from  quartzite  through  siliceous  and  mica-schists  to  very  sim- 
ple varieties  of  gneisses  and  granites  in  which  the  mica  is  wholly  subor- 
dinate. The  least  metamorphosed  rocks  observed  were  excessively  hard 
and  compact  quartzites  found  in  the  lower  canyons  of  Coal  and  Ralston 
creeks.  They  here  pass  into  a  series  of  highly  siliceous  schists,  in  places 
ferruginous,  in  which  may  possibly  be  found  workable  deposits  of  iron 
ore.  These  are  associated  with  fine  siliceous  mica  schists,  above  which 
are  very  irregular  schists,  intercalated  together.  Gneissic  and  gran- 
itic strata  are  frequent,  while  below  is  a  great  granite  mass  with  but 
few  remnants  of  bedding  left,  but  which  is  apparently  conformable  with 
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the  series  above.  A  similar  succession  was  observed  near  the  Little 
Thompson,  quartzites  being  found  at  the  top  and  granites  at  the  base. 
On  South  Saint  Vrain's,  and  at  the  mouth  of  South  Boulder  canyon 
are  found  quartzite  resting  upon  zoned  but  structureless  granite.  The 
Triassic  shales  rest  unconformable  upon  the  mica-schists  on  Little 
Thompson.  The  dominant  rocks  are  granitic  and  gneissic,  although 
Schists  are  found  over  large  areas,  and  of  these  the  tendency  is  toward 
a  binary  granite  to  which  the  name  Aplite  might  apply. 

That  the  characters  noted  above  are  evidence  of  a  structure  that 
once  existed  throughout  the  whole  mass;  that  the  inclosed  schistose 
patches  and  areas  are  neither  remnants  of  foreign  schists  inclosed  in 
an  eruptive  granite  mass,  nor  accidental  lamination  developed  by  crys- 
tallization or  motion  in  a  plastic  rock,  is  abundantly  proved  by  the  fact 
that  whenever  over  a  continuous  area  a  great  many  of  the  strikes  and 
dips  of  such  remnants  are  carefully  noted  and  platted  on  the  map,  they 
are  invariably  consistent  among  themselves  in  indicating  a  definite 
structure  of  the  whole,  and  accord  with  the  structure  that  may  be  in- 
dicated by  neighboring  schists  and  other  masses  of  undoubted  bedded 
rocks. 

As  in  the  derived  sedimentaries  is  found  the  debris  from  the  crystal- 
line rocks,  it  is  concluded  that  the  folding  which  affected  the  meta- 
morphism  is  older  than  that  which  has  upturned  the  sedimentary 
strata.  It  is  not  supposed  that  sufficient  heat  was  necessary  to  cause 
dry  fusion,  but  aqueo-igneous  fusion. 

While  metamorphism  alone  has  often  left  sharp  lines  of  demarkation 
between  differently  affected  rocks,  there  are  also  points  where  move- 
ments of  the  plastic  rock  seem  to  have  occurred;  while,  in  tracing  a 
line  of  schist  into  a  granite  area,  points  may  occur  where  the  normal 
granitoid  strata  regularly  belonging  to  the  series  may  gradually  in- 
crease in  number  and  thickness,  monopolizing  the  series  and  produc- 
ing a  normal  metamorphism ;  or  tongues  of  granite  may  invade  the 
schists,  as  if  an  active  metamorphism  had  proceeded  outward  from  the 
granites,  eating,  as  it  were,  into  the  schists,  and  absorbing  first  those 
beds  by  nature  most  readily  succumbing  to  the  change,  and  leaving 
Ithe  intercalated  masses  less  changed.    Yet  the  remnants  of  structure 

!eft  in  the  granites  still  show  that  no  important  movement  has  taken 
dace  in  the  mass,  but  that  the  rocks  remain  in  situ,  and  are  an  indigenous 
granite.  But,  besides  these  confusing  appearances,  lines  of  the  granite 
jjsometime  appear  as  if  actually  injected  or  intruded  among  the  schists, 
Sometimes  on  their  bedding,  and  perhaps  across  them  as  eruptive  veins. 
Indeed,  there  seemed  cases  where,  in  approaching  the  same  mass  of 
granite  from  different  points,  at  once  all  the  appearances  of  a  truly 
|xotic  and  eruptive  origin  might  be  found — abrupt  lines  of  demarka- 
tion and  veins,  while  at  another  point  nearly  all  the  steps  of  a  gradual 
jnetamorphisni  and  transition  from  the  schists  beyond  might  be  traced, 
vhile  the  remnants  of  structure  through  the  mass  itself  would,  in 
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greater  part,  conform  to  the  surrounding  system  of  folds,  showing  it  as 
a  whole  to  be  an  indigenous  mass.  Two  observers  thus  approaching 
such  a  mass  would  justly  render  different  verdicts  as  to  its  nature,  one 
ascribing  to  it  a  wholly  eruptive  origin,  the  other  a  clearly  metamor- 
phic  character.  A  few  minor  masses  of  granite  did  not  show  well 
marked  transitions  from  schists,  though  in  part  the  ends  of  the  latter 
gradually,  yet  abruptly,  merged  into  the  granite,  as  if  absorbed 
by  it,  the  mass  as  a  whole  presenting  an  intrusive  character.  There 
is,  however,  no  evidence  whatever  to  show  that  such  masses  have 
traveled  far  or  that  they  might  not  have  come  from  a  short  distance 
only  and  have  been  derived  from  rocks  similar  to  those  in  which 
they  are  inclosed  or  others  of  the  same  series,  for  their  likeness  may 
be  found  at  other  points  as  true  metamorphics.  Penetrating  various 
portions  of  the  series  are  granitic,  usually  mostly  feldspathic,  veins, 
many  of  which  probably  extend  long  distances  and  appear  to  be  of 
true  eruptive  character,  while  other  granitic  veins,  usually  of  very 
coarse  bluish  quartz  and  white  cleavable  feldspar,  with  sheets  and 
large  crystals  of  white  mica,  seem  to  be  more  naturally  referred  to 
infiltration  or  to  be  endogenous  in  character,  like  many  metalliferous 
veins,  some  of  each  kind  showing  layers  of  dej)osition  or  structure. 

While  it  is  exceedingly  difficult  to  obtain  structural  results,  a  map  of 
the  eastern  slope  of  the  Front  range  is  presented.  The  portion  in  which 
the  structure  is  most  clearly  made  out  is  that  south  of  South  Clear  creek 
and  having  mount  Evans  as  its  culminating  point.  The  granite  of 
mount  Evans  occupies  as  low  a  geological  position  as  any  rocks  in  the 
range.  No  special  facts  bearing  on  the  equivalency  of  the  metamor- 
phic  series  to  any  of  the  divisions  of  the  Archean  of  the  east  were  ob- 
served. 

Peale,42  in  1874,  describes  several  sections  in  the  Front  range  at 
Pleasant  park,  glen  Eyrie,  Bergen  park,  and  Trout  creek,  in  all  of  which 
the  granite  underlies  the  fossiliferous  series.  On  the  South  Platte,  at 
the  change  from  the  sandstone  to  the  granite  the  former  contains  frag- 
ments of  unchanged  granite.  In  other  places  the  sandstone  appears  to 
pass  by  gradations  into  the  granite.  Pikes  peak  is  composed  of  fine' 
grained,  reddish  granite,  the  origin  of  which,  whether  eruptive  or  met- 
amorphic,  is  a  question.  On  the  road  from  Colorado  springs  to  South 
park  is  a  granitic  ridge  which  seems  to  be  thrown  up  through  the  coarse 
beds  which  lie  about  it.  In  the  range  of  the  South  park  several  sec- 
tions of  the  fossiliferous  series  are  described  which  rest  upon  granite 
or  gneiss.  At  Georgia  pass  eruptive  granite  forms  the  peak,  while 
black  micaceous  gneiss  is  at  the  base  of  the  series,  there  being  between 
the  two  slates  and  quartzites.  At  several  of  the  sections  given  the 
basal  layer  of  the  series  is  a  quartzite. 

Endlich,43  in  1874,  describes  granite  as  forming  the  heaviest  mass  of 
rock  north  and  east  of  the  Arkansas  and  south  of  the  line  running  east 
and  west  6  miles  south  of  Pikes  peak.     Upon  Cottonwood  creek  the 
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rock  resembles  a  gneiss.  Besting  immediately  upon  the  granite  is  the 
Silurian,  characterized  by  but  a  few  fossils,  and  the  well  known  quartz- 
itic  formations.  The  granite  of  this  area  is  the  oldest  found  in  the 
region. 

Stevenson,44  in  1875,  states  that  metamorphic  rocks  occur  in  the 
Front  range.  On  the  North  fork  of  the  South  Platte  the  schists  are 
much  contorted.  The  schists  near  Baileys  ranch  contain  rudely  oval 
nodules  of  quartz  and  feldspathic  granite  which  in  several  localities  are 
observed  in  layers.  In  many  instances  the  large  masses  of  gneissoid 
granite  string  out  like  veins  on  all  sides  from  the  center,  and  these  vein- 
like  projections  break  up  into  these  nodules  and  thus  finally  disappear. 
It  is  sufficiently  evident,  then,  that  these  are  not  metamorphosed  peb- 
bles, but  concretions,  the  result  of  segregation,  which  marks  the  forma- 
tion of  the  separate  layers  of  quartz,  feldspar,  and  mica  in  gneiss,  and 
of  the  great  masses  of  coarse  granite,  which  occur  so  frequently  in  the 
gneisses  and  schists.  Gneissoid  granite  is  exceedingly  common.  It  often 
occurs  in  the  gneiss  as  great  included  masses  of  irregular  shape  or  in 
elongate-vein  form,  spreading  from  a  center  and  throwing  out  seams 
which  become  exceedingly  thin  before  they  disappear.  In  each  instance 
the  deposit  seems  to  bear  no  relation  to  the  bedding  of  the  including 
rock.  For  the  most  part,  however,  it  is  found  entirely  displacing  the 
gneiss  and  forming  the  prevailing  rock  for  miles.  In  every  such  instance, 
however,  it  occasionally  changes  into  gneiss  for  short  distances.  ISTot 
unfrequently  seams  of  granite  are  found  along  the  planes  of  cleavage. 
This  granite,  which  may  be  termed  segregated  granite  to  distinguish 
it  from  the  granite  which  many  regard  as  eruptive,  is  coarsely  crystal- 
line, with  the  feldspar  in  great  quantity,  while  the  proportion  of  mica 
is  very  small.  The  feldspar  varies  in  color  from  white  to  red,  and  the 
rock  as  a  whole  yields  readily  under  the  influence  of  the  weather.  The 
gneissoid  granite  of  Taylor  river  exhibits  granite  of  both  the  eruptive 
and  metamorphic  varieties,  one  passing  into  the  other  with  no  line  of 
separation.  There  is  then  no  room  to  doubt  that  they  are  of  common 
origin  and  that  the  whole  is  metamorphic. 

The  gneiss  of  Ten-Mile  creek  is  compact  and  might  be  mistaken  for 
a  quartzite.  Below  the  junction  is  an  immense  segregation  of  granite, 
thoroughly  veinlike,  interlacing  and  running  across  the  bedding  in 
every  conceivable  way,  but  not  persistent,  as  each  of  the  veins  tapers 
off'  until  it  disappears.  In  the  canyon  of  the  Arkansas,  above  the  junc- 
tion with  Tennessee  creek,  is  a  gneiss  which  has  very  close  affinities 
to  the  granites  usually  called  eruptives.  It  passes  gradually  into  a 
micaceous  schist.  On  Trout  creek  is  syenite  and  granite,  which  grad- 
ually assumes  a  gneissoid  structure  and  contains  fragments  of  gneiss 
from  6  to  20  inches  in  diameter  which  are  fragmental  in  shape.  Their 
presence  is  difficult  to  account  for.  If  the  granite  is  eruptive  these 
might  be  included  fragments,  but  there  is  no  reason  to  assign  any  such 
origin  to  it,  for  its  gradual  passage  into  the  gneiss  is  easily  traced.   On 
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Currant  creek,  at  the  west  side  of  South  park,  near  mount  Lincoln,  at 
Idaho  springs,  on  the  east  side  of  South  park,  massive  granite  or  syen- 
ite is  seen  grading  into  gneiss  and  mica-schist.  At  Chicago  creek 
coarsely  crystalline  granite  is  sharply  separated  from  the  adjacent 
gneiss,  the  junction  being  as  sharp  as  between  a  trap  dike  and  adjoin- 
ing rock.  Some  of  the  porphyritic  rocks,  granites  and  syenites  are 
placed  among  the  eruptives.  This  is  done  in  deference  to  commonly 
received  opinion;  but  as  there  is  no  locality  in  which  these  rocks  do 
not  pass  imperceptibly  into  gneiss,  the  conclusion  is  reached  that  the 
preponderance  of  evidence  is  in  favor  of  their  metamorphic  origin. 

In  speaking  of  Colorado  metamorphic  rocks  in  general  it  is  said 
the  prevailing  rock  is  a  micaceous  schist  passing  into  gneiss,  and  con- 
taining much  granite,  which  in  some  localities  entirely  replaces  the 
others.  Not  unfrequently  the  mica-schist  is  displaced  gradually  by  horn- 
blende-schist, which  becomes  a  hornblende-gneiss,  containing  masses 
or  strings  of  syenite,  as  the  other  form  contains  ordinary  granite. 
Slates  are  almost  wanting,  and  thick  strata  of  quartzite  belonging  to 
this  series  were  observed  at  only  two  or  three  localities.  Serpentine 
and  limestone  seem  to  be  absent  altogether.  It  is  impossible  in  the 
present  state  of  our  knowledge  to  come  to  any  definite  conclusion  re- 
specting the  relations  of  these  rocks.  Hayden,  in  one  of  his  reports, 
has  referred  them  with  doubt  to  the  Laurentian.  To  determine  this 
matter  careful  investigation  at  the  north  is  still  needed. 

King,7  in  1878,  states  that  in  the  Colorado  range  are  two  series  which 
are  probably  unconformable.  The  upper  group  is  distinctly  bedded, 
has  a  variable  amount  of  mica,  and  is  correlated  with  the  upper  hori- 
zons of  the  Medicine  bow  and  the  higher  members  of  the  Park  range, 
Eed  creek  in  the  Uinta,  the  Wasatch  and  Salt  lake  islands,  and  the 
exposures  in  the  Humboldt  mountains,  Franklin  buttes,  and  Kinsley 
district.  In  the  Clear  creek  region  the  series  is  not  less  than  25,000 
feet  thick. 

Emmons,  (S.  F.),45  in  1890,  states  that  Cross  has  discovered  in  the  hills 
east  of  the  Arkansas  river,  at  Salida ,  a  thickness  of  about  10,000  feet  of 
slates  and  schists  entirely  distinct  from  the  Archean  and  probably 
unconformable  with  it.    These  are  referred  to  the  Algonkian. 

Lakes,46  in  1890,  made  observations  upon  the  district  of  South  Boul- 
der, Coal  and  Ealston  creeks.  In  the  South  Boulder  and  Coal  creek 
area  were  found  between  the  Trias  and  the  heavily  bedded  gneisses  a 
series  of  quartzites,  schists  and  conglomerates  the  clastic  character  of  > 
which  is  unmistakable.  The  series  has  been  subjected  to  intense  dy- 
namic action,  so  that  the  pebbles  of  the  conglomerate  are  elongated,  and 
if  it  were  not  for  the  bands  of  this  material  it  would  be  difficult  to  show 
that  the  series  was  an  original  clastic  one,  as  the  finer  grained  rocks  are 
completely  crystalline  quartz- schists  and  mica- schists.  The  dip  of  the 
series  is  at  a  high  angle  away  from  the  main  mass  of  the  mountains.  Its 
higher  members  are  quartzite,  and  pass  down  into  mica- schists  and 
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quartz-schists,  which  are  iiiterstratified  with  beds  of  conglomerate. 
In  passing  downward  the  mica- schists  become  interlaminated  with 
gneiss,  which  becomes  more  and  more  abundant,  and  upon  Coal  creek 
cutting  the  schists  are  also  pegmatitic  granite  veins.  Nowhere  between 
the  clastic  and  gneissoid  series  was  any  discordance  discovered,  there 
appearing  to  be  between  them  a  gradation,  although  a  somewhat  rapid 
one.  The  clastic  series  at  South  Boulder  creek  is  at  least  1,000  feet 
thick.  The  lower  gneissoid  series  at  times  is  in  part  quite  regularly 
laminated,  at  other  times  becomes  a  heavily  bedded  granite-gneiss,  but 
for  several  miles  toward  the  core  of  the  mountains,  as  far  as  investi- 
gated, does  not  become  structureless  granite. 

On  Coal  creek,  at  one  place  within  the  clastic  series,  is  a  wedge  of 
granite  of  considerable  thickness,  and  this  does  not  grade  into  the 
clastic  rocks  as  does  the  main  granitoid  gneiss  area.  The  relations  of 
the  Trias  both  to  the  granite- gneiss  and  to  the  clastic  series  are  such 
as  to  show  that  it  is  clearly  a  later  forinatiou  separated  from  them  by 
a  very  great  unconformity. 

At  Ralston  creek  the  heavily  bedded  gneisses  were  found  to  vary 
into  hornblende-gneiss  interlaminated  with  granite  veins,  and  these 
into  rather  fine  grained  schistose  rock,  but  there  was  discovered  here  no 
clear  evidence  of  a  clastic  series,  although  the  more  schistose  phases 
immediately  under  the  Trias  may  represent  the  more  altered  clastic 
schists  of  Coal  and  South  Boulder  creeks. 

LITERATURE   OP  THE   WET  AND    SANGRE   DE   CRISTO   MOUNTAINS. 

Schiel,38  in  1885,  describes  the  predominating  rock  of  the  Sangre  de 
Cristo  valley  as  a  feldspathic  granite,  passing  gradually  into  a  gneiss 
on  the  right  bank  of  the  creek,  the  gneiss  supporting  a  hard,  shaly 
sandstone  and  a  bluish  brittle  limestone. 

Endlich,43  in  1874,  describes  the  region  south  of  the  Arkansas  as 
consisting  chiefly  of  granite.  That  forming  the  Sangre  de  Cristo 
mountains  is  of  different  character  and  appearance  from  that  of  the 
Front  range.  The  Wet  mountains  are  regarded  as  eruptive.  Gneiss 
occurs  in  this  range  at  Hunts  peak  and  from  there  6  or  7  miles  to  the 
northwest,  and  is  regarded  as  metamorphic,  although  it  weathers  more 
like  granite  than  a  stratified  rock.  From  the  granite  axis  of  the 
Sangre  de  Cristo  the  sedimentary  rocks  dip  away  both  to  the  east  and 
west.  The  eruptive  granite  of  the  Sangre  de  Cristo  is  the  youngest  of 
the  region.  Although  the  Sangre  de  Cristo  range  is  spoken  of  as  erup- 
tive, this  is  not  considered  to  be  so  in  the  same  sense  that  basalt  is  erup- 
tive, but  to  imply  that  the  granite  by  some  vertically  acting  force  ha% 
been  thrown  upward  and  may  now  be  in  contact  with  strata  which  were 
once  above  it. 

Cope,47  in  1875,  states  that  in  the  Sangrede  Cristo  mountains  is  strati- 
fied granite,  which  is  either  heavily  bedded  feldspathic  porphyry  or 
finely  bedded  hornblende-gneiss. 
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Endlich,48  in  1877,  states  that  metamorphics  compose  the  main  bulk 
of  the  interior  portion  of  the  lower  Sangre  de  Cristo  range,  though  at 
many  places  sedimentary  beds  and  volcanic  flows  have  obscured  the 
relations.  The  highest  peaks  of  the  range  are  as  a  rule  metamorphics 
among  which  granites  and  gneisses  are  predominant.  These  are  asso- 
ciated with  granites  and  gneissoid-schists,  associated  with  which  are 
hornblendic,  chloritic,  and  micaceous  schists.  Near  Trinchera  the  sedi- 
mentary strata  stand  nearly  on  end  and  lie  tipped  up  against  the 
granite.  At  other  places  the  granite  protrudes  through  the  Carbonifer- 
ous. It  is  concluded  that  the  metamorphics  of  the  lower  Sangre  de  Gristo 
are  altered  Silurian  rocks.  North  of  the  Arkansas  river  the  Silurian 
formation  occurs.  From  here  it  crosses  the  river  toward  the  south  and 
is  last  seen  as  such  near  the  northern  end  of  the  Sangre  de  Cristo  range. 
In  its  stratigraphical  relations  it  is  conformable  with  the  overlying 
younger  formations  wherever  it  has  been  there  seen. 

Endlich,49  in  1878,  states  that  while  in  the  Sangre  de  Cristo  the 
eruptive  granite  is  the  cause  of  the  upthrow  of  the  Carboniferous  strata, 
nowhere  in  the  sedimentary  beds  is  found  any  case  of  intrusion.  These 
granites  are  regarded  as  post-Carboniferous. 

Emmons,45  (S.  F.),  in  1890,  states  that  quartzites  have  been  noticed  con- 
nected with  the  Archean  of  the  southern  end  of  the  Sangre  de  Cristo 
range  which  maybe  assumed  to  be  the  remnants  of  some  Algonkian  beds. 

LITERATURE  OP  THE  FRONT  RANGE  OP   SOUTHERN   COLORADO  aND  NORTHERN 

NEW  MEXICO. 

Wislizenus,50  in  1848,  states  that  granitic  rocks  prevail  in  the 
mountains  about  Santa  Fe,  and  for  some  distance  to  the  south.  These 
are  associated  with  porphyry  and  trap. 

Blake,51  in  1856,  describes  ridges  of  metamorphic  slate  in  the  Santa 
Fe  mountains,  upon  the  edges  of  which  rest  horizontal  Carboniferous 
strata. 

Loew,52  in  1875,  states  that  the  mountains  between  Santa  Fe  and  Las 
Vegas  contain  Azoic  rocks  which  are  chiefly  granite  and  syenite.  At 
Santa  Fe  creek  gneiss  is  accompanied  by  primitive  clay-slate  and 
syenite.  Veins  of  fine  grained  gneisses  occur  in  a  coarse  aplite  or 
granulite  also  intersected  by  syenite  seams. 

St.  John,53  in  187G,  describes  the  Black  mountains  as  a  lofty  granite 
barrier.  The  upper  canyon  of  the  Cimarron  is  composed  of  granitic 
rocks,  with  which  are  associated  micaceous  schists  and  hard  quartzose 
rocks.  In  the  Raton  hills  are  granitic  igneous  rocks,  the  relations  of 
which  to  the  Tertiary  are  not  easy  to  make  out.  The  Vermejo  mount- 
ains have  a  nucleus  of  massive  metamorphic  rocks. 

Newberry,54  in  1876,  states  that  in  the  Santa  Fe  mountains  is  found 
coarse  red  granite,  characteristic  of  the  central  portion  of  the  Rocky 
mountain  system.  It  differs  from  the  granite  of  the  Appalachian  as 
well  as  those  of  the  Sierra  and  Cascade.  The  Carboniferous  strata 
rest  directly  upon  the  granites.    The  central  axis  of  the  Nacimiento 
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mountain  is  composed  of  a  similar  massive  red  granite,  upon  the  slopes 
yi  which  rests  the  Carboniferous  formation,  for  the  most  part  limestone, 
in  many  places  nearly  vertical  yet  but  slightly  metamorphosed. 

Stevenson,55  in  1879,  describes  a  continuous  Archean  area  on  the 
western  side  of  the  district  running  from  Spanish  peaks  south.  It  forms 
the  axis  of  the  Culebra  range,  continues  through  the  Taos  and  the  Mora 
ranges,  and  passes  into  the  Cimarron  range.  The  Santa  Fe  and  United 
States  anticlines  show  Archean  rocks  which  are  separated  from  the 
main  area.  The  rocks  show  great  uniformity  in  character,  including 
gneissoid  granite,  gneiss,  and  mica-schist  as  the  j>redominant  types. 

Stevenson,56  in  1881,  gives  a  systematic  account  of  the  Archean 
rocks  of  southern  Colorado  and  northern  New  Mexico.  Four  areas  are 
seen  within  the  district.  The  most  western  marks  the  course  of  the 
Santa  Fe  axis;  the  second,  that  of  the  Culebra-Mora  axis,  and  the 
third  and  fourth  that  of  the  Cimarron  axis.  The  rocks  in  the  Santa  Fe 
axis  are  gneiss,  mica-schist,  which  resembles  sandstones,  and  granite. 
South  of  the  Santa  Fe  road  are  frequent  exposures  of  an  exceedingly 
aoarse  granite,  which  resembles  a  metamorphosed  conglomerate,  the 
pebbles  being  thoroughly  distinct.  With  this  are  many  beds  of  almost 
black  gneiss,  holding  beds  of  snow-white  quartz.  The  Culebra-Mora 
axis  varies  in  width  from  5  to  25  miles.  It  includes  granite,  gneissoid 
granite,  micaceous  and  hornblendic  schists,  and  quartzites.  Compact 
gneiss,  quartzite-like  in  character,  is  found  in  the  main  canyon  of  Cos- 
tilla creek.  Bands  of  quartzites  are  found  on  Comanche  creek,  the 
north  fork  of  Moreno  creek,  in  Costilla  creek  range  on  Coyote  creek, 
and  in  the  vicinity  of  Santo  Nino  on  the  Cebolla  creek.  These  are 
sometimes  found  in  gneissoid-granite  and  sometimes  in  mica-schist.  The 
granite  below  the  junction  of  the  forks  of  Moreno  creek  is  very  coarse 
and  resembles  conglomerate.  The  rocks  of  the  Cimarron  axis  include 
mica- schist,  coarse  granite,  and  gneiss  sometimes  resembling  quartzite. 
rhe  dips  of  the  Archean  rocks  are  much  contused  and  the  distortion  at 
most  localities  is  so  great  that  neither  the  succession  of  the  strata  nor 
the  general  structure  could  be  made  out  during  the  brief  examinations. 
Positive  proof  of  nonconformability  to  the  overlying  Carboniferous  is  not 
easily  obtained,  the  main  obstacle  in  the  way  of  making  the  determina- 
tion being  the  character  of  the  rock.  Usually  the  disturbance  near 
the  junction  of  the  two  series  is  very  violent  and  the  rate  of  dip  changes 
greatly  within  a  short  distance,  sometimes  becoming  even  reversed. 
But  distinct  nonconformability  may  be  asserted  as  existing  in  the  vicin- 
ity of  Costilla  peak,  where  the  enormously  thick  Carboniferous  series 
terminates  abruptly  against  the  Archean  core  of  the  Cimarron  axis. 
No  absolute  evidence  exists  to  settle  the  age  of  these  rocks.  Litholog- 
ically,  they  bear  a  close  resemblance  to  the  Lauren tian  series  of  the  east, 
and  at  more  northern  exposures  within  the  Rocky  mountain  region  they 
have  been  referred  by  all  observers  to  that  age.  The  coarse  gneissoid 
and  often  conglomerate  granite  immediately  underlying  the  Carbonifer- 
ous at  many  localities  may  possibly  be  of  somewhat  later  origin. 
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LITERATURE   OF  THE   PARK  RANGE. 

Marvine,41  in  1874,  describes  the  northern  part  of  the  Park  range 
as  composed  of  a  very  distinctively  and  evenly  bedded  series  of  schists, 
gneisses  and  granites,  which  have  a  strike  nearly  with  the  ridge,  and 
a  dip  of  40°  or  50°  to  the  southward. 

LITERATURE   OF   THE   SAWATCH   MOUNTAINS. 

Hayden,57  in  1874,  describes  the  Sawatch  range  as  a  solid  mass  of 
granite,  80  miles  in  length  by  40  in  width,  which  has  acted  as  a  sin- 
gle wedge  thrust  upward,  and  thus  causing  the  sedimentaries  to  incline 
from  either  side. 

Peale,42  in  1874,  states  that  on  Massive  mountain  the  rocks  are 
mainly  gneissic,  with  alternations  of  porphyritic  granite  or  granite- 
porphyry,  with  seams  of  quartzite  and  hornblendic  volcanic  rock.  On 
Eagle  river,  at  the  base  of  the  section  is  gneiss,  and  above  this  is  white 
quartzite. 

Endlich,43  in  1874,  states  that  the  granite  of  the  Sawatch  on  the 
west  side  of  the  Arkansas  is  probably  post- Silurian.  This  range  has 
two  kinds  of  granite  that  are  peculiar  to  it  and  an  older  predominating 
one.  Both  of  these  are  newer  than  the  red,  middle,  and  coarse  grained 
rock  found  in  the  Wet  mountains.  The  first  of  these  varieties  composes 
the  main  part  of  the  range  and  constitutes  its  most  prominent  peak, 
mount  Princeton.  Besides  this,  there  is  protogine  and  eruptive  granite. 
Mount  Ouray  is  composed  in  large  part  of  hornblende  rock.  On  one 
side  the  hornblende  and  granite  are  interstratified,  the  granite  being 
regarded  as  intruded  between  the  strata.  The  change  from  the  granite 
to  the  hornblende  rock  is  always  abrupt. 

Endlich,48  in  1877,  states  that  at  the  southern  end  of  the  Sawatch 
range  trachyte  is  the  principal  rock. 

Emmons,  (S.  F.),58  in  1882,  states  that  in  the  Mosquito  range  are  found 
granites,  gneisses  and  anrphibolites.  The  granites  are  in  most  cases 
stratified  and  are  of  undoubted  sedimentary  origin.  In  other  cases 
the  evidence  is  less  clear  and  they  have  the  characteristics  of  eruptive 
granites.  Within  the  masses  of  the  normal  granite  occur  large  irreg- 
ular vein-like  masses  of  secondaiy  origin,  corresponding  to  pegmatite. 
The  gneiss  is  mostly  mica-gneiss.  The  amphibolite  is  less  abundant 
than  the  gneiss  and  granite  and  occurs  interstratified  with  them.  Un- 
conformably  above  these  are  quartzites  which  bear  Primordial  fossils 
belonging  to  the  Potsdam. 

Lakes,59  in  1886,  describes  the  Sawatch  range  as  consisting  of  gneiss 
and  granite  penetrated  by  volcanic  dikes,  with  patches  of  Silurian, 
Carboniferous  and  more  recent  strata  resting  on  or  up  tilted  against 
each  flank.  In  the  Aspen  region  are  two  granites,  one  the  meta- 
morphic  granite  of  the  Sawatch  and  the  other  a  diorite  and  eruptive 
lava  of  the  Elk  mountain  system.  On  the  granites  are  unconformably 
located  the  Cambrian  strata,  the  base  of  which  is  quartzite. 
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LITERATURE   OF   THE   ELK  MOUNTAINS. 

Hayden,57  in  1874,  describes  the  Elk  mountains  as  composed  of  an 
pthrust  of  igneous  granite,  which  carries  portions  of  the  sedimentary 
eds  on  its  summits  or  tilting  away  from  the  sides  at  various  angles, 
'he  lowest  group  of  sedimentary  rocks  is  Lower  Silurian.  In  some 
ases  there  is  complete  overturn  of  immense  groups  of  beds,  so  that 
>r  several  miles  there  is  a  double  series  from  the  Silurian  up  to  the 
Iretaceous,  inclusive,  as  at  the  head  of  East  river  and  near  Snow 
lass  peak.  Northeast  of  Snow  Mass  the  sedimentary  beds  may  be 
een  resting  on  the  granite,  on  these  a  great  thickness  of  red  beds, 
nd  on  the  top  of  the  latter  masses  of  irregular  thickness  of  erup- 
[ve  granite  from  100  to  400  feet  thick,  and  at  both  ends  the  red  beds 
gain  resting  upon  the  eruptive  mass,  so  that  the  granite  now  appears 
ke  an  interstratified  rock.  Gothic  mountain  and  Crested  butte  are 
egarded  as  immense  dikes,  the  melted  matter  being  pushed  up  through 
tie  superincumbent  matter  so  as  not  to  disturb  to  any  great  extent  the 
bickness  of  yielding  Cretaceous  shales  and  clays.  On  Eagle  river  are 
eds  of  sandstones  and  quartzites,  the  fragments  of  which  indicate 
hat  they  have  been  derived  from  gneissic  and  granitic  rocks. 

Peale,42  in  1874,  describes  the  entire  mass  of  granite  of  the  Elk 
lountains  as  having  been  either  in  a  plastic  or  melted  condition.  The 
levation  of  the  range  was  post-Cretaceous.  The  mountains  are  cut 
y  numerous  dikes,  which  are  in  part  trachytic,  but  which  are,  how- 
ver,  believed  to  be  connected  with  the  eruptive  granite.  On  the  south- 
ast  side  of  Elk  mountains  are  chloritic  schists,  quartzites,  and  sand- 
fcones,  all  very  much  metamorphosed. 

Holmes,60  in  1876,  gives  the  geology  of  the  northwestern  portion  of 
lie  Elk  range  and  describes  in  detail  the  character  of  the  folding,  fault- 
lg  and  relations  of  the  crystallines  to  the  sedimentary  rocks.  On  the 
ast  side  the  sedimentary  strata  lie  up  against  the  granite  of  the  Sawatch 
ange,  and  on  the  west  they  have  been  carried  high  up  on  the  arch  of 
tie  Elk  mountains,  leaving  the  synclinal  depression  between  the  ranges, 
'he  axes  of  the  two  ranges  are  not  parallel,  but  approach  each  other 
oward  the  south  and  separate  toward  the  north,  giving  an  included 
ngle  of  some  30°.  In  the  vicinity  of  Italian  peak  the  granites  of  the 
wo  ranges  are  in  contact,  or  nearly  so,  being  totally  distinct  in  appear- 
nce  and  in  reality.  The  sedimentary  beds  of  Sopris  and  Eock  creeks 
how  a  considerable  amount  of  metamorphism  and  lateral  crushing, 
lie  Dakota  sandstones  of  the  latter  being  changed  to  hard,  flinty 
uartzites.  A  great  fault,  combined  with  a  fold,  runs  from  the  north 
art  of  the  Elk  group,  i.  e.,  Snow  Mass  mountains,  to  its  south  part, 
^hite  Eock  mountains.  In  the  sections  the  granitic  rocks  are  repre- 
ented  in  places  as  being  above  the  sedimentary  and  in  other  places  as 
itr tiding  themselves  among  the  layers. 

Lakes,61  in  1885,  describes  the  stratified  rocks  adjacent  to  the  Elk 
lountains  as  riddled  with  dikes  and  baked  and  metamorphosed  in 
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places  almost  past  recognition.    The  huge  volcanic  masses  are  some 
of  them  dikes,  while  others  may  be  laccolites. 

Lakes,59  in  1886,  describes  the  Elk  mountain  eruptions  as  having 
occurred  under  an  enormous  pressure  of  superincumbent  strata  not  less 
than  10,000  feet  thick.  The  Elk  mountains  are  diorite  instead  of  being 
eruptive  granite  as  called  in  Hay  den's  reports. 

LITERATURE  OF  THE  GRAND  AND  GUNNISON  RIVERS. 

Schiel,38  in  1855,  states  that  along  Coochetopa  creek  and  Grand 
river  valleys  are  granite,  gneiss,  shale  and  mica-slate. 

Peale,42  in  1874,  states  that  adjacent  to«the  Gunnison  a  section  has 
at  its  base  rust-colored  granite,  above  which  is  mica-shist,  and  over 
this  quartzite  and  sandstone. 

Stevenson,44  in  1875,  states  that  at  several  localities  along  the 
Grand  and  Gunnison  is  a  peculiar,  regularly  laminated  gneiss  which 
resembles  a  micaceous  sandstone.  It  always  occurs  directly  under  the 
sedimentary  rocks  and  no  similar  formation  occurs  lower  down.  It  is 
clearly  unconformable  to  the  great  mass  of  schist  and  gneiss,  though 
precisely  like  them  in  its  changes.  In  consideration  of  all  the  circum- 
stances, one  can  not  resist  the  temptation  of  regarding  it  as  belonging 
to  a  later  series. 

Peale,62  in  1876,  describes  Archean  rocks  as  occurring  along  and 
near  the  gorges  of  Eagle  and  Gunnison  rivers.  The  rocks  of  the  Eagle 
river  are  known  to  be  pre-Potsdam?  because  at  the  head  of  the  stream 
such  rocks  rest  upon  them.  On  the  Gunnison  river  the  Archean  rocks 
are  gneisses  and  schists.  The  presence  of  Dakota  beds  here  resting 
upon  the  Archean  is  supposed  to  prove  that  in  pre-Oretaceous  times 
this  area  was  above  sea  level. 

Peale,63  in  1877,  describes  the  Archean  rocks  of  the  Grand  river, 
These  occur  in  limited  areas  throughout  the  district  between  parallels 
37°  52'  and  39°  15'  and  meridians  107°  and  109°  30'.  They  are  gener- 
ally confined  to  the  courses  of  streams  flowing  in  canyons.  In  many 
places  the  schistose  character  is  very  distinct  and  the  bedding  clearly 
seen,  but  in  most  cases  no  traces  of  bedding  wero*seen,  the  rocks  being 
granitoid.  Erom  the  number  of  exposures  noticed  it  is  evident  thai 
the  rocks  underlie  the  entire  district,  although  from  the  limited  and 
isolated  exposures  it  was  not  possible  to  trace  connections  from  one 
place  to  another.  The  oldest  sedimentary  beds  resting  upon  these 
rocks  are  Carboniferous  or  pre-Carboniferous,  showing  that  they  are 
at  least  pre-Carboniferous,  but  it  is  believed  that  they  are  pre- 
Silurian.  Along  the  Gunnison  outcrops  of  quartzitic  layers  occur 
with  softer  red  and  gray  gneissic  layers.  On  the  Little  Dolores  are 
mica- schists  and  quartzites  dipping  northeast  at  angles  of  60°  to  70°, 
As  to  the  origin  of  these  rocks  it  is  said:  They  were  once  deposited  as 
sediments.  Whence  were  their  materials  derived?  We  have  no  data 
from  which  we  are  able  even  to  guess  what  was  the  extent  of  the  Ar- 
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chean  continent,  or  what  its  character  was.  From  the  fact  that  in  the 
Grand  Canyon  of  the  Colorado  similar  rocks  are  fonnd  below  the  Pots- 
dam, and  from  the  profundity  of  their  metamorphism  it  is  believed  that 
these  crystalline  rocks  are  Archean. 

LITERATURE   OF   THE   QUARTZITE   MOUNTAINS. 

Endlich,64  in  1876,  describes  the  Quartzite  mountains.  Near  the 
northern  border  and  toward  the  middle,  qnartzites  and  schists  pre- 
dominate, while  granite  appears  toward  the  east  and  south.  The 
quartzites  are  mostly  of  a  white  or  gray  color,  gradually  becoming  filled 
with  mica  or  chlorite,  thus  turning  into  schists.  The  relations  of  the 
quartzites  are  extremely  varied  and  complicated.  Granites  change 
into  quartzites  between  stations  21  and  22.  The  schists  have  a  less 
horizontal  extent  but  are  just  as  distinct  as  the  quartzites.  They  also 
show  great  variations  in  strike  and  dip.  As  a  rule  they  seem  to  be 
older  than  the  granite,  but  it  was  not  possible  to  establish  this  point 
beyond  doubt.  The  schists  were  nowhere  found  except  in  the  quartz- 
ite group.  All  the  granite  shows  a  remarkable  regular  stratification, 
not  an  apparent  one  only,  produced  by  the  main  cleavage  plane  of  the 
feldspar  or  mica  lying  in  one  direction.  The  dip  of  the  strata  is  con- 
formable with  those  of  the  quartzites  and  schists  and  away  from  the 
anticlinal  axis  toward  the  south.  Generally  the  dip  is  not  very  marked 
but  still  reaching  from  7°  to  10°.  All  along  the  Animas  the  junction 
of  the  sedimentaries  with  the  granite  was  not  observed.  The  latter 
was  exposed  in  the  valley,  while  the  former  appeared  in  steep  bluffs  on 
both  sides.  From  the  dips  observed  it  became  evident  that  the  two 
were  conformable. 

As  to  the  origin  of  the  metamorphic  group  of  rocks  it  is  said  that 
the  Devonian  strata  were  deposited  on  the  granitic  strata  conformably. 
Also  that  from  the  quartzite  into  granite  the  transition  is  perfect, 
although  often  small  specimens  can  be  found  showing  on  the  one  side 
granite  and  on  the  other  granular  red  quartzite.  Near  the  top  of  a 
bluff  the  latter  is  white  or  yellowish,  becoming  red  and  brown  lower 
down.  Finally  some  mica  is  observed  in  it,  and  the  feldspar  appears 
as  such,  until  the  coarse  grained  granite  is  reached.  The  metamor- 
phosis is  very  thorough,  and  can  be  admirably  studied  at  this  point. 
go  far  as  could  be  decided,  the  granite  was  formed  out  of  a  partly  argil- 
laceous sandstone,  containing  some  iron  in  an  oxidized  state,  while  the 
purer  sandstones  were  turned  into  quartzites.  Probably  the  process  of 
metamorphosis  was  a  very  slow  one,  and  lasted  a  long  time.  Through- 
out the  stratification  is  well  preserved  in  all  the  rocks  of  that  group, 
but  particularly  so  in  the  granite  of  the  locality  just  described.  Even 
the  thicknesses  of  the  various  strata  which  have  been  altered  into 
granite  correspond  approximately  to  those  at  present  exhibited  by  the 
Superincumbent  beds.  At  a  short  distance  north  of  station  48,  the 
granite  overlies  the  dark  schists,  which  in  turn  seem  to  be  younger 
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than  the  true  quartzites  forming  the  main  bulk  of  the  mountains  still 
farther  north.  Taking  into  consideration,  therefore,  the  observed  con- 
formity of  the  underlying  metamorphics  with  the  overlying  sediment- 
aries ;  taking  into  consideration,  furthermore,  the  analogous  character 
of  stratigraphical  relations,  the  conclusion  must  be  reached  that  those 
sedimentary  beds,  which  existed  below  the  Devonian,  furnished  the 
material  for  the  metamorphic  masses. 

Comstock,65  in  1883,  states  that  in  San  Juan  county  there  are  no 
rocks  which  are  of  Archean  age.  The  granitic  and  quartzitic  series  of 
the  Animas  river  are  regarded  as  metamorphic  and  said  to  be  of  Upper 
Silurian  or  Devonian  age. 

Comstock,66  in  1887,  describes  the  metamorphic  series  in  southwest- 
ern Colorado  as  probably  Silurian  or  Devonian.  This  series  is  sus- 
ceptible of  division  into  an  u£per  or  granitic  division  and  an  underlying 
quartzitic  formation.  The  quartzitic  group  is  exposed  in  the  Animas 
canyon  below  Silverton,  forming  a  line  of  jagged  peaks  to  the  eastward, 
the  Needle  mountains.  Whenever  the  quartzite  is  well  uncovered  the 
more  recent  granites  are  usually  traceable  along  the  flanks  of  the  belt. 
The  geological  map  brings  out  no  apparent  system,  in  the  metamorphic 
rocks. 

Lakes,67  in  1889,  describes  on  the  Mears  road,  south  of  Ouray,  as 
succeeding  the  Carboniferous  limestone,  a  thickness  of  13,000  feet  of  dis- 
tinctly stratified  and  hard  vitreous  quartzites,  slates  and  schists.  Part 
of  these  may  belong  to  the  Silurian  and  Cambrian,  but  as  these  com- 
bined rarely  attain  in  Colorado  a  thickness  of  1,000  feet,  so  great  a 
body  is  extraordinary  and  suggests  that  the  lower  j>art  of  it  may,  as  in 
Canada,  belong  to  the  Huronian  or  Laurentian,  upper  divisions  of  the 
Archean  not  elsewhere  represented  in  Colorado.  The  dip  of  the  quartz- 
ite is  about  75°  to  the  north.  The  uplifted  crests  have  been  deeply 
eroded  and  in  the  hollows  so  formed  rest  the  massive  volcanic  breccias. 

Emmons,  (S.  F.),45  in  1890,  states  that  on  the  north  slope  of  the  San  Juan 
mountains,  near  Ouray,  is  over  10,000  feet  of  closely  folded  quartzites, 
conglomerates,  and  slates  of  the  pre-Cambrian  age,  and  it  is  believed 
that  the  quartzite  peaks  in  the  southern  portion  of  this  region  are 
probably  composed  of  the  same  series  of  rocks.  These  are  referred  to 
the  Algonkian. 

Van  Hise,9  in  1889,  made  observations  along  the  Animas,  the  rail- 
road being  followed  from  below  Needleton  to  Silverton,  a  distance 
of  about  17  or  18  miles.  As  mapped  by  Endlich  on  Sheet  xv  of  the 
atlas  of  Colorado,  this  course  is  situated,  with  the  exception  of  5  or  6 
miles,  in  the  quartzite  area.  Quartzites  occur  for  a  little  more  than  2 
miles  in  the  vicinity  of  Elk  park  in  the  middle  of  the  area  mapped  as 
quartzite.  The  granitic  area  was  found  to  be  a  most  intricate  complex 
of  massive  granite,  coarse  and  fine,  white  and  black  banded  gneiss,  and 
black  hornblende-schist  or  gneiss  in  dike-like  forms.  The  strikes  and 
dips  vary  greatly,  although  for  the  most  part  they  are  high,  running 
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from  75°  to  85°.  At  one  place  the  clip  of  the  schistose  structure  was 
observed  to  be  as  flat  as  10°  or  15°. 

The  quartzitic  area  is  in  places  conglomeratic.  The  rock  is  for  the 
most  part  a  rather  pure  white  or  gray  vitreous  quartzite,  although  oc- 
casionally it  shows  more  or  less  of  a  slaty  appearance.  Nowhere  in 
the  quartzite  was  found  any  hornblende- schist  in  dike-like  forms  such 
as  occur  in  the  granite,  or  any  layers  which  could  possibly  be  mistaken 
for  the  black  or  white  gneissoid  phases  of  rock  which  occur  so 
abundantly  in  the  granite  area  and  have  such  intricate  relations  with 
the  granite.  The  dips  of  the  quartzites  are  also  for  the  most  part  high, 
being  from  60°  to  70°.  In  the  quartzites,  as  in  the  granites,  there  are 
great  local  variations  in  the  strike  and  dip  of  the  rock.  Upon  both 
sides  of  the  quartzite  area  where  the  change  to  granite  occurs  no  evi- 
dence whatever  was  seen  of  a  transition  between  the  two  classes  of 
rocks.  In  neither  were  the  quartzites  and  granites  in  contact;  they 
were  found  however,  a  few  paces  apart.  At  the  southern  boundary, 
while  the  two  rocks  were  not  actually  found  in  contact,  there  is  a 
marked  discordance  in  the  strike  and  dip  of  the  schistose  structure  of 
the  granite  and  of  a  series  of  sharply  folded  anticlines  and  synclines 
of  quartzites  which  are  adjacent  to  the  granite. 

What  is  said  by  Endlich  as  to  the  sharp  contrast  between  the  sedi- 
mentaries  and  granite  may  mean  the  contrast  between  the  black  horn- 
blende-schists and  gneisses  with  the  coarse  granitoid  gneisses  and 
granites.  If  this  is  the  case,  the  statement  is  true,  for  these  materials 
are  seen  in  sharp  contact  at  very  numerous  places  along  the  Animas. 
If  these  hornblende- schists  and  gneisses  are  altered  erupt  ives,  as  they 
appear  to  be,  the  sharp  contacts  would  have  no  bearing  upon  the  meta- 
morphic  origin  of  the  granite. 

Some  of  the  quartzites  have  a  color  similar  to  the  coarse  reddish  or 
grayish  gneisses,  and  also  show  to  some  extent  a  banded  appearance. 
It  may  be  that  this  fact  has  led  to  the  statement  that  there  is  a  transi- 
tion between  them  and  the  granitic  rocks. 

A  study  of  numerous  thin  sections  of  the  material  collected  shows 
that  the  rocks  composing  the  area  here  called  granitic  are  always 
completely  crystalline,  giving  in  the  thin  section  no  evidence  whatever 
of  clastic  characters ;  on  the  other  hand,  all  the  rocks  belonging  in  the 
quartzite  area,  while  locally  considerably  altered  by  dynamic  action, 
show  very  clearly  their  clastic  character.  However,  the  evidence  of  the 
microscope  is  not  necessary  to  show  the  clastic  origin  of  these  quartz- 
ites, as  the  conglomeratic  phases  seen  in  the  field  are  sufficient  to 
demonstrate  this. 

As  to  the  conformability  described  by  Endlich  between  the  flat-lying 
Devonian  and  these  crystalline  rocks,  no  observations  were  made.  It 
is,  however,  to  be  remarked  that  Endlich  states  that  the  crystallines 
are  flat-lying,  having  a  dip  of  not  more  than  10°  to  15°.  This  was 
observed  to  be  the  case  in  one  locality,  but  as  before  said,  the  great 
Bull.  86 21 
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number  of  observations  along  the  Animas  show  the  dips  to  be  for  the 
most  part  very  high,  i.  e.,  from  60°  to  vertically,  and  in  various  direc- 
tions. All  of  the  evidence  as  to  the  strike  and  dip  show  that  the  area 
of  quartzites  and  granites  is  one  in  which  the  folding  is  very  compli- 
cated. 

Bearing  upon  the  question  of  the  position  of  the  quartzitic  series 
with  reference  to  the  fossiliferous  rocks  is  the  occurrence  south  of 
Ouray,  along  Eed  mountain  creek  and  one  of  the  branches  of  the  TJn- 
compahgre,  of  a  great  series  of  slates,  quartzites  and  conglomerates, 
with  high  dips  and  repeated  by  folding,  which  are  in  lithological  char- 
acter identical  with  the  quartzites  south  of  Silverton.  Just  south  of 
Ouray  the  red  beds  of  the  Jura-Trias  are  found  in  almost  horizontal 
j)osition  upon  the  upturned  edges  of  the  slates  and  quartzites.  This 
unconformity,  in  the  distance  at  which  it  may  be  observed  and  in 
the  masses  of  rocks  exposed,  is  remarkably  handsome.  Conformable 
below  the  red  beds  of  the  Jura-Trias,  at  Ouray,  the  Carboniferous 
rocks  appear,  but  they  were  not  seen  in  contact  with  the  slates 
and  quartzites.  That  the  quartzite  series  was  an  old  shore  against 
which  the  Carboniferous  and  Jura- Trias  were  deposited  can  not  be 
doubted.  In  the  distance  of  about  5  miles  in  which  this  quartzite 
series  is  exposed  a  slate  band  is  found  five  times.  In  going  north  the 
dips  are  first  south  and  then  change  to  the  north,  in  which  position 
they  continue  until  the  Carboniferous  appears.  All  this  suggests  that 
we  have  here  to  deal  with  a  folded  series  and  not  one  necessarily  of 
very  great  thickness,  although  probably  several  thousand  feet  thick. 
As  Ouray  is  only  a  few  miles  from  Silverton,  the  argument  of  analogy 
makes  it  probable  that  the  similar  plainly  rragmental  slates  and  quartz- 
ites south  of  Ouray  are  the  equivalent  of  the  quartzites  of  Elk  park. 
The  facts  bear  against  the  probability  of  a  transition  from  the  Devonian 
into  the  quartzitic  series  of  the  latter  place.  The  one  occurrence  in 
which  this  transition  is  definitely  asserted  is  perhaps  a  case  of  a  recoin- 
posed  rock  resting  upon  a  crystalline  one.  Similar  occurrences  have 
often  been  described. 

As  to  the  relations  of  the  granitic  area  to  the  quartzites  along  the 
Animas,  there  is  no  clear  evidence.  The  fact  that  the  granitic  area 
is  an  intricate  complex  of  regularly  banded  gneisses,  of  granitoid 
gneiss,  and  of  granites  cut  by  hornblende- schists  in  dike-like  forms, 
combined  with  the  fact  that  no  such  dike-like  areas  are  found  near 
the  quartzites,  seems  to  indicate  that  the  quartzite  is  of  later  age  than 
this  complex.  This  probability  is  still  further  strengthened  by  the 
completely  crystalline  character  of  one  series  and  the  plainly  frag- 
mental  character  of  the  other.  This  point  would  have  little  weight  if 
the  granitic  area  was  a  simple  massive  rock  which  might  be  the  result 
of  a  single  eruption.  But  the  varieties  of  rock  of  which  it  is  composed 
and  the  intricate  way  in  which  these  lithological  phases  are  mingled 
indicate  that  the  history  of  the  granite  area  is  a  most  complex  and 
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long-continued  one,  and  was  far  advanced  before  the  deposition  of 
the  fragraental  rocks.  If  it  should  be  held  that  this  granitic  area  is 
eruptive  as  a  whole  and  later  than  the  quartzite,  the  question  arises, 
Why  is  it  that  nowhere  do  any  of  the  rocks  which  belong  in  it  cut  the 
quartzites  ?  If,  on  the  other  hand,  it  is  maintained  that  it  is  nietainor- 
phic  in  origin,  the  question  arises,  Why  is  it  that  all  parts  of  it  have  be- 
come so  completely  crystalline  while  the  quartzite  is  still  so  near  its 
original  condition? 

LITERATURE   OF   THE  LA  PLATA  MOUNTAINS. 

Holmes,68  in  1877,  places  the  La  Plata  mountains  in  the  metamorphic 
belt  because  the  central  portion,  as  exposed  in  the  deep- cut  valley  of  the 
La  Plata  river,  is  composed  of  uplifted  and  altered  sedimentary  rocks ; 
but  there  are  associated  with  these  a  very  considerable  area  of  eruptive 
rocks  with  a  resulting  great  complication  of  structure.  This  metamor- 
phic group  seems  to  be  a  prolongation  to  that  to  the  northeastward 
about  the  Animas.  Against  attributing  any  great  amount  of  change 
in  the  sedimentary  rocks  to  the  presence  of  the  trachyte  is  the  fact  that 
in  the  neighboring  groups  of  mountains  of  trachytic  origin  there  is  lit- 
tle or  no  metamorphism  apparent.  In  the  central  part  of  the  altered 
area  the  metamorphic  mass  proper  extends  up  to  and  includes  the  red 
beds.  As  one  of  the  best  examples  of  the  metamorphism  may  be  men- 
tioned that  on  the  west  face  of  the  first  mountain  south  of  Hesperus. 
Here  a  mass  of  metamorphic  shales  abuts  or  is  welded  to  the  trachyte 
face  of  the  mountain.  The  exact  point  of  contact  can  not  be  determined, 
as  the  metamorphism  has  been  so  complete  that  the  shales  seem  to 
change  gradually  into  trachyte.  Away  from  the  trachyte  they  grad- 
ually assume  the  appearance  of  a  massive  grayish  yellow  quartzite,  and 
in  a  mile  or  more  from  the  place  of  contact  assume  a  shaly  character 
and  dark  color. 

Endlich,49  in  1878,  gives  a  general  discussion  of  the  formations  of 
Colorado.  In  preference  to  the  word  Azoic  the  word  Prozoic  is  used. 
Belonging  to  this  group,  in  southern  Colorado,  is  an  extensive  series 
comprising  gneisses,  granites,  various  schists  and  diorites.  Of  these 
the  first  named  appear  to  be  the  oldest,  as  may  be  inferred  from  the 
relations  to  the  granites  more  particularly.  The  schists  are  in  subor- 
dinate quantity.  It  often  is  a  matter  of  difficulty  to  discriminate  be- 
tween the  Prozoic  and  the  next  group  of  metamorphic  rocks.  This 
latter  is  the  most  varied  and  enormous  in  its  development.  Large 
areas  are  covered  by  rocks  of  this  group,  which  occur  in  almost  end- 
less variety.  In  several  instances  localities  may  be  observed  where  the 
transition  from  undoubted  sedimentary  into  metamorphic  beds  is  evi- 
dent. This,  however,  must  be  considered  as  an  exception  rather  than 
the  rule.  The  gneiss  is  the  oldest  of  the  metamorphic  rocks  in  the  dis- 
trict examined.  Micaceous,  hornblendic  and  chloritic  schists  occur  as 
such  associated  with  other  metamorphic  rocks.    Frequently  they  are 
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due  to  the  substitution  of  minerals  within  the  gneiss,  but  they  are  also 
found  totally  independent  thereof.  If  a  suggestion  may  be  offered 
which ,  however,  can  not  at  present  be  proved,  the  author  would  say 
that  argillaceous  sandstones  form  granite.  With  the  decrease  or  in- 
crease of  argillaceous  matter  in  the  sandstone  the  quantity  of  feldspar 
in  the  granite  stands  in  direct  proportion.  Siliceous  sandstones  form  ' 
quartzites.  Shales,  arenaceous  in  part,  are  changed  into  gneisses,  and 
if  the  quartz  in  them  is  predominant  they  turn  into  schists.  Quartzites 
can  not  be  generally  classed  with  the  metamorphic  rocks,  but  in  the 
Quartzite  mountains  a  complete  alteration  of  the  original  sandstone 
has  taken  place,  although  stratification  has  been  retained  in  a  measure. 
Granite  is  the  most  representative  species  of  the  metamorphic  group. 
It  is  younger  generally  than  the  schistose  rocks  occurring  with  or  near 
it.  In  the  Quartzite  mountains  there  is  a  direct  transition  from  sedi- 
mentary beds  into  typical  granite.  A  large  part  of  the  granites  in 
southern  Colorado  is  regarded  as  metamorphosed  Silurian,  Devonian, 
and  in  rare  instances  even  Carboniferous  strata. 

SUMMARY  OF   RESULTS. 

The  greater  parts  of  the  Front,  Wet,  Sawatch,  Park,  and  Quartzite 
ranges  and  the  crystalline  rocks  of  the  Gunnison  and  Grand  are  a 
completely  crystalline  complex  of  rocks  which  are  certainly  pre-Cam- 
brianj  for,  resting  upon  these  ranges  un conformably  and  bearing  de- 
bris from  the  older  series  are  the  fossiliferous  Cambrian.  These  con- 
tacts are  found  both  on  the  east  side  of  the  Front  range  and  in  the 
parks  along  the  Sawatch,  as  well  as  af  Eagle  river  in  the  Gunnison  and 
Grand  region.  The  granite-gneiss-schist  complex  of  the  Quartzite 
mountains  also  without  much  question  belongs  in  the  same  position. 

The  relations,  so  excellently  described  by  Marvine  and  Stevenson, 
between  the  nearly  structureless  granites  constituting  the  core  of  the 
ranges  and  the  well  laminated  schists  and  gneisses  are  those  between 
the  granites  and  associated  crystallines  described  in  Massachusetts  by 
the  elder  Hitchcock  in  1860,  by  King  along  the  fortieth  parallel,  by 
Lawson  about  the  Eainy  lake  and  the  lake  of  the  Woods,  and  by  Win- 
chell  in  northeastern  Minnesota.  That  is,  in  passing  from  a  schistose 
to  a  granitic  area  the  finely  laminated  schists  become  coarser  and 
coarser ;  then  appear  thin  belts  of  gneiss,  which  become  more  and  more 
prominent  until  the  rock  has  changed  to  a  gneiss,  and  this  by  imper- 
ceptible stages  passes  into  a  granitoid  gneiss,  then  into  a  granite.  A 
whole  or  a  part  only  of  the  laminated  rocks  may  be  cut  by  granite  veins, 
while  oftentimes  there  are  considerable  masses  of  granite  in  the  schists 
of  the  same  character  as  the  main  granite  mass,  the  contacts  being  ex- 
ceedingly sharp.  In  a  few  cases  in  the  massive  granites  are  found 
fragment-like  areas  of  the  schists.  These  imperfectly  summarized  re- 
lations are  regarded  by  Stevenson,  Marvine,  and  the  other  writers  to 
be  evidences  of  the  metamorphic  character  of  the  whole  series,  while 
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the  intrusives  are  regarded  simply  as  parts  of  the  main  mass  which 
have  become  perfectly  fluid  and  therefore  locally  take  on  eruptive 
forms.  Lawson  declines  to  carry  the  term  metamorphic  over  to  the 
plastic  material  and  speaks  of  it  as  a  subcrustal  magma.  As  the  real 
character  of  such  granite-gneiss-schist  complexes  is  a  question  which 
concerns  not  only  the  Colorado  ranges,  but  almost  every  other  pre- 
Cambrian  region  of  North  America,  the  discussion  of  this  question  is 
deferred  for  the  general  chapter.  It  is,  however,  x>lain  that  in  the  moun- 
tain ranges  of  Colorado  is  a  thoroughly  crystalline,  intricate,  funda- 
mental complex  like  that  found  in  most  of  the  pre-Cambrian  areas 
already  considered. 

Besides  these  crystallines  there  are  at  least  two  areas  in  which  unmis- 
takable pre-Cambrian  elastics  are  present.  These  are  the  districts  of 
Big  and  Little  Thompson,  South  Boulder,  Coal  and  Ealston  creeks  in 
the  Front  range,  and  the  district  of  the  Quartzite  mountains  in  the  San 
Juan  region.  It  is  also  probable  that  the  quartzites  and  mica- schists 
of  northern  New  Mexico,  described  by  Stevenson,  is  a  third  series, 
although  the  relations  of  these  beds  to  the  other  rocks  are  not  indicated. 
The  great  beds  of  white  quartzite  and  the  granite- conglomerate  in  the 
neighborhood  of  Santa  Fe  strongly  suggests  that  here  is  a  clastic  series, 
the  granite- con  glomerate  probably  being  a  recomposed  rock.  A  fourth 
great  series  which  possibly  falls  among  the  rue-Cambrian  elastics  is 
that  seen  by  Cross  in  the  neighborhood  of  Salida. 

In  the  Front  range  the  descriptions  of  Marvine  and  Lakes  agree  that 
there  is  an  apparent  gradation  from  the  clastic  quartzite  and  mica- schist 
series  to  the  gneisses  and  gneissoid  granites,  although  Lakes  states 
that  the  transition  is  somewhat  abrupt.  Two  explanations  may  be  ap- 
plied here :  First,  there  may  be  a  real  physical  break  which  has  not 
been  detected  between  the  elastics  and  the  crystallines.  In  favor  of  this 
hypothesis  is  the  fact  that  quartzites  are  found  nowhere  else  in  the  vast 
area  of  the  Front  range,  and  that  nowhere  else  are  there  any  rocks  which 
are  even  described  as  having  any  evidence  of  fragmental  character,  un- 
less foliation  be  taken  as  such  evidence.  If  this  clastic  series  and  the 
great  complex  of  granite,  gneiss  and  schist  are  of  the  same  origin  and 
age,  it  is  certainly  strange  that  nowhere  except  in  this  very  restricted 
area  do  beds  of  quartzite  or  quartz -schist  occur.  Also  the  presence  of 
genuine  granitic  pebbles  in  the  conglomerates  at  least  shows  that  there 
existed  an  earlier  granite  from  which  debris  was  derived.  Second,  those 
who  believe  that  the  fine-grained  gneisses,  completely  crystalline  schists 
and  granites  are  all  really  of  eruptive  origin,  the  foliation  being  but 
evidence  of  powerful  dynamic  action,  will  probably  maintain  that  this 
clastic  series  is  the  more  ancient  one  and  has  been  cut  and  metamorphosed 
by  the  intrusion  of  the  igneous  rocks. 

In  the  Quartzite  mountains  the  evidence  that  the  fragmental  slate 
and  quartzite  series  is  more  recent  than  the  granite-gneiss-schist  com- 
plex is  far  more  weighty.     Here  an  intricate  complex  of  irregularly 
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banded  gneisses,  granitoid  gneisses  and  granites  are  cut  by  foliated 
dikes  of  hornblende- schist,  which  never  penetrate  the  fragmental 
series.  At  one  of  the  places  along  the  Animas  at  which  the  quartz- 
ite  is  separated  by  a  very  short  interval  from  the  granite  complex  there 
is  a  sharp  discordance  in  its  foliation  and  a  series  of  sharply  folded 
anticlines  and  synclines  of  quartzite,  which  with  considerable  certainty 
indicate  the  bedding  of  the  latter  group.  Also,  while  the  quartzite 
series  inclines  at  a  steep  angle  and  is  in  places  sharply  folded,  it  upon 
the  whole  has  not  suffered  any  such  profound  and  repeated  dynamic 
movements  as  are  exhibited  by  the  granite- gneiss  complex.  If  the  lat- 
ter series  be  taken  as  sedimentary  its  complete  metamorphism  argues 
its  greater  age;  and  if  it  be  taken  as  wholly  eruptive  its  present  im- 
plicated character,  with  strongly  developed  schistose  structures,  de- 
noting profound  metamorphism,  indicates  a  history  much  longer  than 
the  one  revealed  by  the  quartzites.  This  great  quartzite  and  slate 
series  can  then  with  a  considerable  degree  of  certainty  be  regarded  as 
much  later  in  age  than  the  granite-gneiss-schist  complex.  Also  it  is 
far  more  ancient  than  the  Carboniferous,  because  near  Ouray  the  Trias 
conformably  above  the  Carboniferous  rests  in.  a  nearly  horizontal  posi- 
tion upon  the  upturned,  nearly  vertical,  truncated  edges  of  the  quartz- 
ite. On  general  structural  and  lithological  grounds  it  may  with  great 
probability  be  referred  to  the  Algonkian.  Of  the  two  other  areas  of 
clastic  rocks  too  little  is  known  to  offer  any  suggestions  as  to  their  age 
or  relations. 

A  part  of  the  so-called  granite  (diorite?)  of  the  Elk  mountains  and  a 
part  of  that  of  the  Sangre  de  Cristo  range  is  plainly  an  eruptive  of  later 
age  than  the  Cambrian,  and  therefore  it  does  not  properly  fall  within 
the  province  of  this  review. 

Whether  there  are  any  pre-Cambrian  rocks  in  the  La  Plata  mountains 
is  uncertain.  The  small  area  of  metamorphosed  rock  bears  such  relations 
to  the  eruptives  as  to  suggest  that  their  present  condition  may  be  due 
to  contact  metamorphism. 

SECTION  VII.    ARIZONA  AND  WESTERN  NEW  MEXICO. 

LITERATURE. 

Powell,28  in  1874,  states  that  below  the  Carboniferous  is  a  succes- 
sion of  nonconformable  shales,  sandstones  and  limestones,  the  greatest 
thickness  of  the  beds  being  a  little  more  than  10,000  feet.  The  beds 
are  traversed  by  dikes  of  trap  or  greenstone  and  irregular  layers  of  \ 
the  same  eruptive  material  are  found  in  places  between  these  noncon- 
formable rocks  and  the  overlying  beds  of  Carboniferous  age.  Pro- 
visionally these  sedimentary  rocks  are  called  Devonian  and  Silurian. 
Still  underlying  these  is  an  extensive  series  of  metamorphic  crystalline 
schists,  in  some  places  yet  showing  faint  traces  of  the  original  stratifi- 
cation,  but  usually  these  are  so  degraded  that  the  total  thickness  of  the 
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beds  was  not  determined.  In  places  they  constitute  about  a  thousand 
feet  of  the  altitude  of  the  walls.  These  beds  are  traversed  by  dikes  of 
granite,  and  beds  of  granite  are  found  which  are  believed  to  be  intru- 
sive, hence  of  igneous  origin.  In  some  places  the  evidence  is  complete. 
An  extensive  period  of  erosion  separates  these  schists  and  granite  from 
the  overlying  Silurian  and  Devonian  rocks. 

In  the  Grand  canyon  are  the  records  of  an  extensive  period  of  depo- 
sition in  the  schists,  followed  by  plication,  erosion,  Assuring  and  erup- 
tion. Again  we  have  an  invasion  of  the  sea,  which  remains  until 
10,000  feet  of  shales,  sandstones  and  limestones  are  deposited;  and 
this  is  followed  by  a  dry-land  period,  marked  in  some  places  by  at  least 
10,000  feet  of  erosion  and  accompanied  by  plication,  Assuring  and 
eruption. 

Powell,69  in  1875,  further  describes  the  Grand  canyon  group.  Un- 
conformably  below  the  Carboniferous  of  the  Kaibab  plateau  is  a  middle 
series  of  slates,  sandstones  and  limestones  500  feet  thick,  so  inclined  that 
the  total  thickness  of  its  beds  is  10,000  feet.  Below  these  are  uncon- 
formably  a  thousand  feet  of  crystalline  schists  with  dikes  of  greenstone 
and  beds  of  granite.  This  lower  series  is  composed  chiefly  of  meta- 
morphosed sandstones  and  shales,  which  have  been  folded  so  many 
times,  squeezed  and  heated,  that  their  original  structure  as  sandstones 
and  shales  is  greatly  obscured  or  entirely  destroyed,  so  that  they  are 
metamorphic  crystalline  schists.  After  these  beds  were  deposited, 
folded  and  deeply  eroded  they  were  fractured,  and  through  the  fis- 
sures came  floods  of  molten  granite,  which  now  stands  in  dikes  or  lies 
in  beds,  and  the  metamorphosed  sandstones  and  shales,  with  the  beds 
of  granite,  present  evidence  of  erosion  subsequent  to  the  periods  just 
mentioned,  yet  antedating  the  deposition  of  the  nonconformable  sand- 
stones. Here,  then,  we  have  evidences  of  another  and  more  ancient 
period  of  erosion  or  dry  land.  Three  times  has  this  great  region  been 
left  high  and  dry  by  the  ever-shifting  sea;  three  times  have  the  rocks 
been  fractured  and  faulted ;  three  times  have  floods  of  lava  been  poured 
up  through  the  crevices,  and  three  times  have  the  clouds  gathered  over 
the  rocks  and  carved  out  valleys  with  their  storms.  The  first  time  was 
after  the  deposition  of  the  schists ;  the  second  was  after  the  deposition 
of  the  red  sandstones ;  the  third  time  is  the  present  time. 

Gilbert,36  in  1875,  describes- the  axis  of  the  Black  and  Colorado 
mountains  in  northwestern  Arizona  as  consisting  of  granitoid  rocks 
and  highly  crystalline  schists.  In  Bowlder  canyon  of  this  range  upon 
a  nucleus  of  syenite  are  plicated  crystalline  schists.  In  Virgin  canyon 
the  nucleus  is  gneissic,  with  a  general  anticlinal  structure.  In  Black 
canyon  the  nucleus  is  a  homogeneous  rock  resembling  pegmatite,  but 
is  probably  metamorphic. 

In  the  Grand  canyon  of  the  Colorado  theTonto  sandstone  rests  directly 
on  plicated  and  eroded  schists  and  associated  granites,  and  demonstrates 
them  to  be  pre- Silurian.    Following  down  the  river  the  same  relation  is 


328  PRE-CAMBRIAN    ROCKS    OF    NORTH   AMERICA.  [bull.  86. 

seen  in  the  Virgin  range,  and  in  the  next  ridge  to  the  west,  through  which 
the  river  has  cnt  Bowlder  canyon,  are  gneisses  so  similar  to  those  of  the 
Virgin  range  that  they  may  safely  be  classed  with  them.  In  Mnsic  moun- 
tain, in  the  Black  hills  near  Prescott,  and  on  Canyon  creek,  or,  more  gener- 
ally, all  along  the  soutWestern  border  of  the  Plateau  region  in  Arizona, 
the  Archean  schists  and  granites  are  seen  beneath  nonconforming  mem- 
bers of  the  fossiliferous  rocks,  usually  the  Tonto  sandstone.  To  the 
south  and  west  of  this  line  stretches  a  great  ocean  of  metamorphic  ridges 
in  which  no  one  has  found  fossils.  Whether  a  portion  of  the  rocks  are 
altered  Paleozoic  or  whether  the  Paleozoic  has  been  completely  re- 
moved in  the  progress  of  erosion,  or  whether  the  Archean  rocks  have 
been  covered  by  no  later  ocean  sediments  has  not  been  decided.  The 
purity  and  great  thickness  of  the  Carboniferous  limestones  up  to  the 
very  margin  of  the  region  would  appear  to  negative  the  idea  of  a  perma- 
nent continent  from  Archean  time,  if,  indeed,  it  is  not  negatived  by  the 
survival  of  acute  mountain  ridges. 

Gilbert,70  in  1875,  describes  the  range  region  of  western  New 
Mexico  and  eastern  Arizona.  Northwest  of  the  Burro  mountains  for 
50  miles  are  islands  of  Archean  and  Paleozoic  rocks.  The  most  con- 
spicuous of  the  former  is  a  deep-red  granite.  In  the  Santa  Eita  moun- 
tains the  axial  rocks  are  Archean  schists.  On  the  eastern  border  of 
the  Plateau  region  is  a  chain  of  ranges  which  coalesces  with  the  Rocky 
mountains  of  Colorado  and  consists  mainly  of  Archean  and  Carbonif- 
erous rocks.  The  whole  front  of  the  Sandia  mountains  except  the  crest 
is  Archean.  The  Zufii  range  of  the  Plateau  region  has  a  crystalline 
nucleus  which  Howell  suspects  to  be  due  to  the  metamorphisni  of 
lower  Paleozoic  strata,  as  they  are  conformable  with  unaltered  upper 
Paleozoic  beds.  The  specimens  show  a  gradation  from  compact  sand- 
stones to  gneissic  quartzite  and  quartzose  granite.  Between  the 
Archean  and  the  Silurian  there  is,  first,  a  wide  unconformity,  demon- 
strating the  tilting  and  erosion  of  the  Archean  beds  anterior  to  the 
deposition  of  the  Silurian;  and,  second,  there  is  always  at  the  contact 
a  contrast  of  conditions  as  regards  metamorphism,  the  Silurian  rocks 
being  usually  merely  indurated  and  the  Archean  invariably  highly 
metamorphic.  The  two  characters  of  the  break  serve  to  show  that  it 
represents  a  vast  chasm  of  time,  a  chasm  the  duration  of  which  may 
have  been  greater  than  that  of  the  ages  which  have  since  elapsed.  A 
third  character  of  the  break,  one  that  is  supported  by  less  evidence 
but  is  negatived  by  none,  is  that  the  lowest  of  the  superposed  rocks 
are  conglomerates  and  coarse  sandstones.  The  conclusion  to  be  drawn 
from  the  coarse,  fragmental  nature  of  the  lower  deposits  is  that  the 
water  which  spread  them  was  an  encroaching  ocean,  rising  to  possess 
land  that  had  long  been  dry.  The  recognized  interpretation  of  a  wide- 
spread sandstone  is  continental  submergence,  or,  what  is  the  same 
thing,  an  advancing  coast  line. 

Marvine,37  in  1875,  states  that  granite  is  found  below  the  Tonto 
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sandstone  at  the  mouth  of  Grand  canyon,  at  Music  mountain,  and  in 
the  canyon  of  New  river.  At  Truxton  and  on  the  road  to  the  south- 
westward  granite  occurs  in  the  hills,  often  lava-capped ;  is  found  at  Cross 
mountain,  near  fort  Rock;  at  Aztec  pass;  at  Juniper  mountains;  be- 
tween Prescott  and  Agua  Fria  valley,  and  in  the  Black  hills.  In  the 
Juniper  mountains  there  are  also  found  highly  lnetamorphic  rocks,  as 
schists,  slates,  etc.,  often  covering  considerable  areas  and  with  which 
many  of  the  silver  and  gold  bearing  lodes  of  the  country  are  associated. 
At  camp  Verde  on  the  river  Verde  sedimentary  rocks  rest  upon  syen- 
ites. The  Ton  to  sandstone  rests  upon  the  granite  in  the  Sierra  Ancha, 
in  the  San  Carlos  valley,  and  in  the  Apache  mountains.  The  main 
mass  of  the  Pinal  mountains  is  granite,  but  upon  their  northeast  flanks 
is  a  long  area  of  highly  metamorphic  rocks,  consisting  mostly  of  crys- 
talline schists,  micaceous,  chloritic  and  talcose,  their  erosion  forming 
an  intricate  maze  of  small  valleys,  separated  by  sharp  ridges,  which 
present  a  strong  contrast  with  the  more  massive  features  of  the  moun- 
tains. The  granites  and  schists  of  Pinal  mountains  extend  along  Pinal 
creek  to  camp  Pinal. 

Powell,29  in  1876,  further  describes  as  unconformably  below  the 
Tonto  sandstone  the  Grand  canyon  sandstones,  shales  and  limestones, 
10,000  feet  in  thickness ;  and  below  this  the  Grand  canyon  schists,  of  un- 
determined thickness,  composed  of  hornblendic  and  micaceous  schists 
and  slates,  associated  with  beds  and  dikes  of  granite.  The  Grand 
canyon  group  rests  unconformably  upon  the  crystalline  schists.  The 
evidence  of  this  is  complete,  for  the  lower  sandstones  and  conglomer- 
ates first  filled  the  valleys  and  then  buried  the  hills  of  schistic  rocks, 
and  these  conglomerates  at  the  base  of  the  group  are  composed  of 
materials  derived  from  the  metamorphic  hills  about ;  and  hence  meta- 
morphism  was  antecedent  to  the  deposition  of  the  conglomerates.  The 
plane  of  demarkation  separating  this  group  from  the  Tonto  group  is 
very  great.  At  least  10,000  feet  of  beds  were  flexed  and  eroded  in  such 
a  manner  as  to  leave  but  fragments  in  the  synclinals.  Then  followed 
a  period  of  erosion,  during  which  beds  of  extravasated  material  were 
poured  over  the  fragments,  and  these  igneous  beds  also  were  eroded 
into  valleys  prior  to  the  deposition  of  the  Tonto  group.  Fossils  have 
been  found  at  the  base  of  the  Grand  canyon  series,  but  they  are  not 
well  preserved  and  little  can  be  made  of  them.  Still,  on  geological 
evidence,  these  beds  are  considered  Silurian. 

Walcott,71  in  1883,  describes  below  the  Tonto  a  great  series  of 
unconformable  sediments  which  are  divided  into  two  groups,  the  Chuar 
and  Grand  canyon,  between  which  there  is  an  unconformity  by  erosion. 
The  lower  or  Grand  canyon  group  is  made  up  of  an  immense  mass  of 
sandstones  and  interbedded  greenstones,  and  the  Chuar  group  is  a 
series  of  sandy  and  clay  shales.  The  Archean  at  the  base  of  the  Grand 
canyon  group  consists  of  thin-bedded  quartzites  broken  by  intrusive 
veins  of  a  flesh-colored  granite,  the  layers  of  quartzite  standing  nearly 
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vertical.  The  Grand  canyon  and  Chuar  groups  unconformably  depos- 
ited over  the  underlying  Archean  are  referred  to  the  Lower  Cambrian 
and  placed  as  the  stratigraphical  equivalent  of- the  Keweenawan  group 
of  lake  Superior.  In  the  Grand  canyon  series  are  found  a  few  obscure 
fossils.  The  Chuar  and  Grand  canyon  series  are  both  wholly  unnieta- 
morphosed  and  but  slightly  disturbed. 

Walcott,33  in  1886,  states  that  the  Tonto  sandstone  of  the  Grand 
canyon  district  is  Upper  Cambrian  or  Potsdam.  Then  below  a  great 
unconformity  occurs  by  the  erosion  of  an  entire  cross  section  of  13,000 
feet  of  strata  of  the  Chuar  and  Grand  canyon  series;  below  the  un- 
conformable series  rest  unconformably  on  underlying  highly  inclined 
strata,  which  where  the  section  terminates  belong  to  a  system  of  strata 
between  the  Grand  canyon  series  and  the  Archean.  On  account  of; 
this  great  unconformity  below  the  Tonto  it  is  thought  better  to  classify 
all  the  pre-Tonto  strata  as  pre-Cambrian,  the  middle  and  lower  Cam- 
brian times  being  in  the  Grand  canyon  district  a  period  of  erosion.  The 
Chuar  formation  or  upper  6,000  feet  of  limestones  and  argillaceous 
shales  lithologically  resemble  the  Trenton  limestone  and  Utica  shales 
of  the  New  York  section.  There  is  no  evidence  of  the  great  age  of  j 
these  strata  in  their  physical  aspect.  The  lower  6,000  feet  of  Grand 
canyon  formation  are  sandstones  with  interbedded  lava  flows  toward 
the  upper  portions.  Eipple  marks  and  mud  cracks  abound  in  many  of 
the  layers,  but  not  a  trace  of  a  fossil  was  seen.  Midway  in  the  lower 
portion  of  the  overlying  Chuar  strata  the  presence  of  a  fauna  is  shown 
by  a  minute  Discinoid  or  Patelloid  shell,  a  small  Lingula-like  shell,  a 
species  of  Hyolithes,  and  a  fragment  of  what  appears  to  have  been  the 
pleural  lobe  of  the  segment  of  a  trilobite  belonging  to  a  genus  allied  to 
the  genera  Olenellus,  Olenpides,  or  Paradoxides.  There  is  also  an  ob- 
scure Stromatopora-like  form  that  may  or  may  not  be  organic.  The 
fauna  as  given  above  is  very  unsatisfactory,  but  it  shows  the  presence 
of  a  fauna  that  is  Cambrian  in  character,  as  far  as  we  know,  although 
it  may  be  a  trace  of  a  fauna  preceding  that  of  the  Lower  Cambrian  of 
the  Atlantic  border ;  and  as  the  stratigraphic  evidence  favors  this  view 
it  is  thought  that  it  cannot  be  considered  of  Cambrian  age. 

Walcott,35  in  1889,  refers  the  section  laid  bare  in  the  Grand  canyon 
of  the  Colorado  to  the  Keweenaw  group.  This  section  presents  one  of 
the  best  opportunities  known  to  the  author  for  the  discovery  of  a  pre- 
Olenellus  fauna. 

Walcott,72  in  1890,  gives  the  Algonkian  section  of  the  Grand  can- 
yon as  follows:  Chuar  (shales  and  limestones),  5,120  feet;  Grand  can- 
yon (sandstones  with  lava  flows  in  upper  part),  6,830  feet;  Vishnu 
(bedded  quartzites  and  schists),  1,000-f  feet. 

SUMMARY  OF   RESULTS. 

It  is  evident  from  the  literature  that  in  western  New  Mexico  and  in 
the  major  part  of  Arizona  is  a  fundamental,  thoroughly  crystalline 
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complex,  consisting  of  most  intricately  mingled  and  folded  granites, 
gneisses,  micaceous  and  hornblendic  schists,  etc.,  precisely  as  in  the 
previous  sections  concerned  with  the  Rocky  mountain  system.  This 
complex  occurs  at  many  points,  constitutes  the  axes  of  many  ranges, 
and  its  structure  is  of  so  intricate  a  character  that  no  attempt  has  been 
made  to  estimate  its  thickness  or  to  work  out  its  structure,  although  in 
general  the  laminated  rocks  have  been  referred  to  as  metamorphic. 
The  granite  in  this  complex  plays  the  same  part  with  reference  to  the 
crystalline  schists  as  in  the  other  areas  referred  to.  Besides  this  an- 
cient granite,  which  existed  before  the  next  newer  series  of  rocks  was 
formed,  there  is  apparently  in  certain  areas  granites  of  later  age,  and 
these  are  more  plentiful  as  the  western  part  of  Arizona  is  reached. 

In  eastern  New  Mexico  and  western  Arizona,  so  far  as  the  descrip- 
tions guide  us,  there  is  no  certainty  that  any  clastic  rocks  exist  older 
than  the  fossiliferous  series.  In  the  central  part  of  Arizona,  however, 
in  the  Colorado  canyon  district,  is  the  most  complete  section  of  rocks 
older  than  the  Cambrian  and  newer  than  the  fundamental  complex  in 
any  known  part  of  the  world,  with  the  exception  of  the  lake  Superior 
region. 

The  Tonto  sandstone  of  the  Grand  canyon  region,  called  by  Powell 
and  Gilbert  Silurian  in  accordance  with  the  nomenclature  of  the  time, 
by  present  classification  is  to  be  placed  as  Upper  Cambrian.  The  great 
unconformity  which  separates  this  sandstone  from  the  earlier  series 
makes  it  very  probable  that  the  latter  are  pre-Cambrian.  These  inferior 
series  in  descending  order  are  the  Chuar,  Grand  canyon,  Vishnu  series 
(together  the  equivalents  of  Powell's  Grand  canyon  group),  and  the 
basal  complex.  The  upper  series  consists  of  shales  and  limestones. 
Below  this,  with  an  erosion  interval,  is  the  second,  consisting  of  sand- 
stones, with  interbedded  and  cutting  basic  eruptives.  Inferior  to  this 
series,  and  separated  by  a  great  unconformity,  is  a  set  of  thinly  bedded 
and  nearly  vertical  quartzites  of  undetermined  thickness,  broken  by 
intrusive  masses  of  granite.  These  three  are  clearly  clastic  series.  The 
basal  complex  as  described  by  Powell  and  Gilbert  consists  of  thor- 
oughly crystalline  hornblendic  and  micaceous  schists,  gneisses,  and 
granites,  like  the  fundamental  complex  of  the  remainder  of  New  Mexico 
and  Arizona.  Between  this  basal  complex  and  the  Vishnu  series,  as 
shown  by  Powell,  is  a  vast  unconformity.  We  have  then  in  this  region 
passing  from  the  base  upward,  a  fundamental  complex ;  great  uncon- 
formity ;  quartzite  series  of  unknown  thickness  (Vishnu)  5  great  uncon- 
formity 5  Grand  canyon  series  5  minor  unconformity ;  Chuar  series  5  great 
unconformity;  Cambrian. 

The  fundamental  complex  of  Arizona  has  all  the  characteristics  of 
the  fundamental  complex  of  lake  Superior.  The  next  overlying  series 
is  a  quartzitic  one,  and  quartzite  is  one  of  the  most  abundant  and  char- 
acteristic formations  of  the  Upper  Huronian  of  the  Northwest.  The 
next  great  succession  is  the  Grand  canyon  and  Chuar  series,  which  in 
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i 
their  unmetaruorphosed  condition,  and  in  the  character  of  the  sedi- 
ments are  almost  identical  with  the  great  thickness  of  sediments  of  the 
Keweenawan.  Also  the  eruptives,  which  are  interbedded  with  the  Grand 
canyon  series  and  cut  it,  are  practically  identical  with  the  basic  eruptives 
of  the  Keweenawan.  These  interbedded  and  cutting  greenstones 
are  characteristic  of  the  lower,  but  are  not  found  in  the  higher  series, 
a  still  further  analogy  with  the  Keweenawan,  for  the  lower  Kewee- 
nawan contains  eruptives  and  the  upper  Keweenawan  is  wholly  detrital. 
The  Grand  canyon  succession  is  then  remarkably  like  that  in  the  lake 
Superior  region,  and  the  respective  series  are  lithologically  alike. 

It  is  exceedingly  unsafe  to  correlate  a  single  series  with  another  se- 
ries in  a  different  geological  basin  upon  lithological  grounds;  but  when 
two  great  series  of  rocks  are  found,  each  of  which  has  respectively  similar 
lithological  characteristics  in  two  regions,  and  they  are  both  separate*! 
by  a  physical  break,  and  both  sets  of  series  are  in  exactly  similar  posi- 
tions with  reference  to  the  overlying  Cambrian  and  to  the  basement 
complex,  the  likeness  suggests  that  they  stand  respectively  as  the  time 
equivalents  of  each  other.  Between  the  two  regions  is  the  difference 
that  in  the  Grand  canyon  area,  a  possible  equivalent  of  the  Lower  Hu- 
ronian  of  the  lake  Superior  is  not  known.  The  correlation  suggested 
can  be  considered  no  more  than  a  conjecture  since  the  parallelism  in 
the  two  regions  may  be  no  more  than  a  remarkable  coincidence.  It  is 
remarked  by  Walcott  that  in  the  pre-Tonto  series  are  a  few  obscure 
fossils,  and  that  this  locality  is  perhaps  one  of  the  best  in  the  world  in 
which  to  search  for  a  pre-Gambrian  fauna.  Since  in  the  lake  Superior 
region  the  beginning  of  a  pre-Cambrian  fauna  is  also  known,  it  may 
not  be  too  much  to  hope  that  within  a  few  years  we  shall  have  the 
assistance  of  fauna  of  sufficient  fullness  in  these  distant  regions  upon 
which  the  correlation  above  suggested  may  be  tested. 

SECTION  VIII.     CALIFORNIA,  WASHINGTON  AND  BRITISH  COLUMBIA. 

LITERATURE  OF  CALIFORNIA,  WITH  ADJACENT  PARTS  OF  NEVADA  AND  ARIZONA. 

Dana,73  in  1849,  describes  various  crystalline  rocks  in  the  Umpqua 
and  Shasty  ranges.  These  include  granite,  syenite,  porphyry,  talcose 
rocks,  serpentine.  The  hornblendic  and  talcose  rocks  are  rarely  schist- 
ose. Associated  with  the  former  rocks  are  conglomerates  and  sand- 
stones. 

Tyson,74  in  1850,  describes  sections  in  the  Sierra  Nevada  and  the 
Coast  range.  The  rocks  are,  first,  metamorphic,  consisting  of  those  of 
sedimentary  origin,  such  as  slate,  but  subsequently  altered  by  the 
effects  of  heat,  and  second,  of  hypogene  rocks,  which  include  granite, 
trap  rocks,  and  others.  At  the  summit  of  the  Sierra,  granite  is 
the  prevailing  rock,  and  upon  its  flanks  slates.  The  cleavage  of 
the  slates  have  a  uniform  course,  about  north  of  west.  These  lines  of 
cleavage  are  usually  taken  for  those  of  stratification,  but  it  is  fre- 
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quently  difficult  to  determine  the  stratification  even  where  extensive 
excavations  have  been  made.  However  much  the  slates  have  been 
disturbed  during  their  period  of  upheaval,  they  assume  the  slaty 
structure  in  continuous  or  parallel  lines  extending  over  considerable 
distances — in  the  present  instance  for  more  than  70  miles — the  inclina- 
tion being  nearly  vertical. 

Blake,51  in  1856,  states  that  the  contorted  gneisses  of  the  Aquarius 
mountains  are  metamorphic.  In  the  Aztec  mountains  the  horizontal 
Carboniferous  strata  show  that  it  was  an  ancient  granitic  uplift.  The 
specimens  of  granite  are  of  a  red  or  rose  color,  few  or  none  being  white 
or  light  gray,  in  this  respect  contrasting  strongly  with  the  collection 
made  from  the  Sierra  Nevada  and  the  Bernardino  Sierra,  as  well  as 
from  those  of  the  Great  basin  and  along  the  Mojave  river.  The  meta- 
morphic rocks  are  in  all  probability  not  older  than  the  Silurian  or  Car- 
boniferous. This  is  certainly  the  case  in  the  Aquarius  mountains.  In 
the  rapid  reconnaissance  of  these  disturbed  and  metamorphic  rocks  it 
was  not  possible  to  bestow  the  attention  upon  them  which  their  ob- 
scured condition  demands,  and  it  is  therefore  not  possible  to  assign  a 
dividing  line  between  the  truly  erupted  granitic  rocks  and  those  which 
simulate  them  but  in  reality  are  of  sedimentary  origin. 

Newberry,75  in  1856,  states  that  in  the  coast  mountains  are  found 
occasional  protrusions  of  granite  and  serpentine.  The  great  mass  of 
the  Sierra  Nevada  is  composed  of  plutonic  or  volcanic  rock,  granite, 
gneiss,  mica- schists  and  porphyries,  traps,  trachyte,  etc.,  with  aurifer- 
ous talcose  slates  and  veins  of  quartz.  The  western  slope  of  the  Cas- 
cade mountains  in  one  place  where  crossed  is  composed  of  trappean 
and  metamorphic  rocks. 

Antisell,76  in  1856,  states  that  in  the  Coast  range  the  igneous  rocks 
that  form  the  axis  are  of  two  kinds,  granitic  and  tr  achy  tic.  While  alto- 
gether distinct  in  their  extreme  types,  when  they  approach  each  other 
in  position  and  age  they  merge  these  separate  differences.  The  gran- 
ites of  the  Sierra  Nevada  are  anterior  to  the  Eocene  and  posterior  to 
the  later  Paleozoic.  All  of  the  observed  sedimentary  rocks  were  post- 
Cretaceous.  Granitic  and  primary  metamorphic  rocks  are  mentioned 
as  occurring  at  several  places  in  the  Coast  range,  and  in  the  Cordil- 
leras in  many  localities.    At  one  locality  hornblende-gneiss  is  found. 

Blake,77  in  1857,  states  that  granite  is  found  at  points  along  the 
coast  from  Monterey  to  near  the  Golden  Gate.  At  the  Tejon,  in  the 
Sierra  Nevada,  the  rocks  now  generally  classed  as  metamorphic,  such 
as  gneiss,  mica- schists,  hornblende-slate  and  chlorite- slate,  are  pre- 
dominant. While  these  rocks  are  probably  a  metamorphosed  sedi- 
ment, the  linear  arrangement  of  the  minerals  is  not  regarded  as  satis- 
factory evidence  of  it.  This  structure  also  appears  when  the  rocks 
are  so  far  fused  as  to  obliterate  the  original  planes  of  stratifi- 
cation, and  therefore  the  words  strata  or  stratification  in  relation  to 
these  rocks  are  avoided,  but  to  designate  the  lines  or  layers  of  minerals 
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are  used  planes  of  structure  or  lamination.  At  one  section  was  found 
granite,  upon  both  sides  of  which  is  white  limestone;  next  to  the  latter, 
on  one  side  is  quartz  rock,  which  is  followed  by  chlorite-slates.  If  the 
structural  relations  were  regarded  as  conclusive  evidence,  the  whole 
series  would  necessarily  be  considered  metamorphic;  but  there  is  little 
reason  to  doubt  that  the  granite  is  eruptive.  The  metamorphism  in 
the  limestone  is  complete  and  resembles  the  coarsely  crystalline  white 
limestones  of  Sussex  county,  New  Jersey.  There  is  no  indication  as 
to  the  age  of  the  limestone  or  quartz  rock,  but  there  is  some  reason  to 
regard  them  as  Carboniferous,  for  these  are  the  nearest  known  forma- 
tions of  limestone  which  are  recognizable  by  fossils.  On  the  section 
of  the  Canada  de  las  Uvas  the  rocks  are  similar  to  those  of  the  western 
slopes  of  the  Tejon.  Along  the  Mojave  river  the  rocks  consist  of  meta- 
morphic  slates,  very  compact  and  so  much  changed  as  to  resemble 
granite.  In  the  Colorado  desert  the  most  of  the  metamorphic  rocks 
are  highly  laminated  and  contain  lenticular  beds  of  limestone.  In  the 
gold  region  talcose  and  clay-slates  are  the  prevailing  rocks,  and  in  gen- 
eral present  a  low  degree  of  metamorphism.  Next  to  the  slate  in 
importance  is  white  crystalline  limestone. 

Emory,78  in  1857,  states  that  in  southern  California  there  is  a  great 
preponderance  of  crystalline  metamorphic  granite  pertaining  to  the 
older  Paleozoic  series  of  rocks  and  an  entire  absence  of  any  member 
of  the  lower  Paleozoic  or  secondary  rocks  in  their  regular  stratified 
character.  The  central  axes  are  represented  by  somewhat  variable 
granite,  assuming  in  some  places  a  close  syenitic  texture  and  at  other 
times  there  is  a  preponderance  of  mica.  Belonging  with  the  granitic 
series,  particularly  on  the  eastern  side  of  the  range,  are  mica  and  tal- 
cose slates. 

Newberry,79  in  1861,  describes  the  great  mass  of  the  Peninsular 
mountains  east  of  San  Diego  as  composed  of  granitic  and  gneissoid 
rocks3  which  are  similar  to  most  of  the  granites  of  the  other  systems 
of  the  Colorado;  that  is,  a  predominance  of  the  feldspathic  over  the 
hornblendic  ingredients.  Where  the  Colorado  cuts  through  the  Choco- 
late mountains  they  are  composed  of  gneisses  traversed  by  veins  of  gran- 
ite and  quartz.  The  gneissoid  rocks  are  frequently  foliated  and  much 
convoluted.  Their  aspect  is  such  as  to  lead  an  observer  more  readily  to 
refer  them  to  a  metamorphic  origin  than  any  other  rocks  seen  on  the 
route.  The  great  mass  of  Monument  mountains  is  a  coarse,  massive 
feldspathic  granite.  On  both  sides  of  the  granitic  axis  are  highly  meta- 
morphosed conglomerate  and  sandstone.  The  principal  mass  of  the 
Mojave  mountains  is  composed  of  white  granite,  traversed  by  numerous 
veins  of  quartz.  The  Black  mountains  as  a  whole  are  characterized  by 
the  prominence  of  eruptive  rocks,  such  as  massive  granite,  trap,  por-  ■ 
phyry  and  trachyte,  and  the  rarity  of  gneiss,  mica  slate,  clay-slate, 
etc.,  which  are  probably  metamorphic.  In  the  lower  Colorado  canyon, 
unconformably  below  the  Potsdam  sandstone,  is  granite,  which  is  cut 
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by  veins  of  quartz  and  red  syenite.  This  sandstone  is  somewhat  meta- 
morphosed, but  its  consolidation  is  not  due  to  volcanic  heat,  but  rather 
to  molecular  changes  induced  by  long-continued  pressure  of  the  im- 
mense mass  of  superincumbent  rocks.  The  Oerbat  mountains  have  a 
core  of  granite. 

Whitney,80  in  1865,  describes  the  Coast  range,  the  region  between 
the  Canada  de  las  Uvas  and  Soledad  pass,  and  the  Sierra  Nevada,  in 
all  of  which  regions  are  found  granitic  and  metamorphic  rocks. 

Granite  occurs  at  many  points  in  the  Coast  range  and  is  described 
and  figured  as  breaking  through  the  Cretaceous  and  Tertiary  strata 
and  metamorphosing  them. 

In  the  Canada  de  las  Uvas  region,  at  San  Emidio  canyon,  occur  gran- 
ite, mica-slate,  syenite,  hornblende- slate  and  limestone,  turned  on  end 
and  unconformably  overlain  by  unaltered  Cretaceous  and  Tertiary 
strata.  In  the  Tejon  pass  are  found  mica-slate,  granite,  gneiss,  and 
syenite.  Near  the  fort  occurs  crystalline  limestone  associated  with 
mica-slate  and  gneiss,  together  with  magnetic  iron  ore. 

At  many  localities  in  the  Sierra  Nevada  are  described  areas  of  gran- 
ite, many  of  them  of  great  magnitude.  With  them  are  associated  met- 
amorphic slates,  a  portion  of  these  being  mica-slates.  In  places  granite 
dikes  and  veins  are  seen  to  intrude  the  slates.  At  Dome  mountains, 
near  the  head  of  Kern  and  Kings  rivers,  a  granite  has  a  peculiar  con- 
centric dome  structure  which  is  not  regarded  as  due  to  sedimentation, 
but  results  from  the  cooling  of  igneous  material.  The  few  fossils  de- 
scribed in  the  slates  of  the  Sierra  are  such  as  to  cause  them  to  be 
referred  to  the  Jurassic. 

Gilbert,36  in  1875,  states  that  in  the  Inyo  range  are  found  syenite, 
granite  and  gneissoid  rocks.  On  its  east  face  quartzites,  siliceous 
schists,  green  schists  and  limestones  make  the  section  over  1,100  feet 
thick.  In  the  Amargosa  range  the  Whites  peak  series  is  11,500  feet 
thick,  and  is  composed  of  quartzites,  green  garnetiferous  schists  and 
siliceous  and  argillaceous  schists.  At  thebase  of  the  section  in  the  Amar- 
gosa range  is  900  feet  of  quartzite  resting  conformably  upon  600  feet 
of  mica-schist  and  chlorite-schist.  A  section  at  Boundary  canyon 
2,500  feet  thick  is  made  up  of  limestones,  micaceous  and  other  schists 
and  quartzites.  None  of  these  rocks  are  regarded  as  pre- Silurian. 
Although  no  fossils  are  found,  the  Whites  peak  section  is  presump- 
tively Silurian. 

Marcou,81  in  1876,  states  that  granitic  rocks  occur  in  the  Sierra 
Madre  in  southern  California  at  a  number  of  points.  This  mountain 
chain  is  described  as  the  most  ancient  of  the  modern  chains  of  southern 
California ;  that  is  to  say  the  granite,  pegmatite,  gneiss  and  metamor- 
phic rocks  which  form  its  principal  mass  date  from  times  anterior  to 
the  Paleozoic. 

Loew,82  in  1876,  states  that  nearly  all  the  mountain  ranges  of  south- 
ern California  belong  to  the  Primitive  formation.    In  the  San  Bernar- 
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dino  mountains  the  main  mass  is  granite,  accompanying  gneiss,  mica- 
schist,  talcose  schist  and  primitive  clay-slate.  The  Biver-Side  and 
Half- Way  mountains  consist  of  granite  and  gneiss.  At  the  Mojave 
range  is  a  series  of  Azoic  rocks  consisting  of  fine  grained  granite, 
syenite,  hornblende- schist  and  quartzite.  At  the  Panamint  range  are 
primitive  limestone  and  clay-slate  as  accompaniments  of  the  granite. 
Eruptive  gneiss  is  found  in  the  Coahuila  valley  which  has  metamor- 
phosed the  limestone  on  either  side.  The  gneiss  shows  by  the  position 
of  its  mica  plates  a  stratification  parallel  to  the  limestone  layers,  indi- 
cating the  effect  of  pressure  during  the  consolidation  of  the  injected 
rock  mass.  Eruptive  syenite  occurs  in  the  Buena  Yista  and  Inyo  ranges 
and  eruptive  granite  at  Dead  mountains  and  in  the  Opal  ranges.  Occa- 
sionally in  the  San  Bernardino  mountains  the  granite  gives  rise  to  the 
formation  of  beds  of  arkose,  a  rock  in  which  granitic  debris  has  been 
recemented,  forming  a  sort  of  granitic  sandstone  resembling  to  some 
extent  granite,  but  the  uniform  grain,  friability,  and  rusty  surface  of 
the  fragments  elucidate  its  true  nature. 

Newberry,54  in  1876,  states  that  in  the  Aquarius  range  the  Carbon- 
iferous strata  rest  directly  upon  the  granite.  In  the  Cerbat  mountains 
gray  granitic  rocks  are  found  upon  which  rest  unchanged  Carboniferous 
strata.  In  the  mountains  of  the  lower  Colorado  metamorphic  rocks  are 
abundant,  consisting  of  gneiss,  mica-slate  and  clay-slate,  talcose  slate 
and  limestone,  the  latter  highly  metamorphosed  and  crystalline,  form- 
ing marble,  so  far  as  observed,  wholly  destitute  of  fossils.  This  meta- 
morphic limestone  of  the  Sierra  is  suspected  to  be  Carboniferous. 

Conkling,83  in  1877,  states  that  the  ridge-like  line  of  the  eastern 
summit  of  the  Sierra  consists  entirely  of  granite,  flanked  in  several 
places  by  igneous  rocks.  In  the  Western  Summit  range  are  also  found 
granitic  rocks. 

Conkling,84  in  1878,  describes  portions  of  western  Nevada  and  east- 
ern California,  including  a  part  of  the  Sierra  range,  and  finds  little 
aside  from  metamorphic  and  igneous  rocks.  Granite  is  found  at  many 
localities. 

Becker,85  in  1888,  states  that  granite  underlies  the  Coast  ranges  and 
the  Sierra  Nevada.  The  evidence  in  California  is  in  favor  of  the  hy- 
pothesis that  the  main  mass  of  the  underlying  granite  is  primeval. 
While  it  is  not  absolutely  certain  that  Archean  rocks  occur  in  Califor- 
nia, the  unquestionable  occurrence  of  the  Archean  in  Arizona,  together 
with  the  similarity  of  the  rocks  of  southeastern  California  to  those  of ) 
the  adjacent  territory,  make  it  probable  that  San  Bernardino  county  iJ 
largely  Archean.  In  the  Gavilan  range  the  lowest  sedimentary  forma- 
tion is  a  crystalline  limestone,  associated  with  which  are  rocks  of  the 
Archean  gneiss  type.  It  is  possible  that  it  is  a  member  of  the  Knox- 
ville  series  more  metamorphosed  than  usual,  but  it  appears  more  proba- 
ble that  it  is  a  remnant  of  some  older  formation  which  has  perhaps 
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undergone   repeated   metamorphisni.    Aside  from  these  the  earliest 
inefcamorphic  rocks  of  the  coast  are  probably  Cretaceous. 

Becker,86  in  1891,  describes  the  sierra  between  the  Stanislaus  and 
Truekee  rivers  as  being  chiefly  granite  and  diorite  overlain  in  part  by 
andesite  and  basalt.  The  granite  and  other  granular  rocks  are  inter- 
sected by  fissures  at  short  intervals  which  are  believed  to  be  early  Cre- 
taceous. 

LITERATURE   OF   WASHINGTON. 

Gibes,87  in  1855,  states  that  in  central  Washington,  in  the  valley  of 
the  Methow,  is  found  granite,  syenite  and  gneiss,  well  characterized 
and  blended  with  each  other.  The  syenite  is  often  divided  by  joints  so 
as  almost  to  appear  stratified  and  to  give  its  perpendicular  walls  the 
semblance  of  artificial  construction.  The  gneiss  is  found  both  hori- 
zontal and  displaced  by  the  intrusion  of  trap.  Along  the  Columbia 
river  was  found  syenite,  granite,  gneiss,  quartzose  rocks,  talcose  slate 
and  greenstone. 

LITERATURE   OF   BRITISH   COLUMBIA. 

Bichardson,88  in  1872,  mentions  crystalline  rocks  on  the  east  coast 
of  Vancouver  which  are  pre  Carboniferous  and  may  be  of  Laurentian 
age. 

Eichardson,89  in  1873,  finds  below  the  coal-bearing  series  of  Van- 
couver and  Queen  Charlotte  islands  crystalline  limestones,  diorites,  red 
and  green  slates,  the  age  of  which  is  uncertain,  but  are  probably  Silur- 
ian or  later. 

Eichardson,90  in  1876,  finds  crystalline  rocks  throughout  a  wide- 
spread area  in  British  Columbia,  extending  through  7  degrees  of  lati- 
tude, from  .New  Westminster  on  the  Fraser  river  to  Wrangel  on  the 
Stickeen  river,  and  through  6  degrees  of  longitude,  from  Vancouver  to 
Cariboo  and  Tete  Jaune  cache.     While  not  able  to  speak  authorita- 
tively on  the  age  of  this  great  series  of  crystalline  rocks  or  to  say 
hether  different  portions  of  them  will  be  proved  to  belong  to  distinct 
pochs,  they  present  such  a  wonderful  uniformity  in  character  as  to 
avor  the  idea  that  they  constitute  one  great  and  widespread  series, 
hey  are  doubtless  the  gold-bearing  rocks  of  British  Columbia. 
Selwyn,91  in  1877,  in  a  report  on  exploration  in  British  Columbia, 
ivides  the  rocks  into  five  divisions  from  above  downward.     Division 
bur  consists  of  semicrystalline  rocks,  among  which  are  limestones, 
hales,  mica-schists  and  quartzites,  which  appear  to  have  obscure  fos- 
ils.    The  age  of  these  rocks  is  not  clearly  determined.    Division  five 
onsists  of  granitic  rocks. 

Macoun,92  in  1877,  finds  granite-gneiss  and  gneiss  a  few  miles  up  the 
Juatre  Fourches  river,  which  are  referred  to  the  Laurentian. 
Dawson,  (G-.  M.)M  in  1877,  states  that  a  crystalline  series  occurs  in 
le  Cascade  mountains  about  Eagle  and  Tat  la  lakes.     These  are  chiefly 
ighly  crystalline  gneisses,  granites  and  diorites. 
Bull.  86—22 
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Dawson  (G.  M.),94  in  1878,  states  that  the  crystalline  series  of  Van- 
couver, described  by  Eichardson  in  1872,  are  found  to  contain  fossils. 
They  have,  however,  become  metamorphosed,  and  in  lithological  char- 
acter resemble  the  Huronian  and  altered  Quebec  groups  of  eastern 
Canada. 

Dawson  (G-.  M.),95  in  1879,  describes  in  some  detail  the  Cascade 
crystalline  series,  which  are  referred  to  the  Carboniferous  period.  The 
only  rocks  tentatively  referred  to  the  Laurentian  are  crystalline  rocks 
of  Shuswap  lake  and  the  gold  range,  which  comprises  gneisses,  green- 
stones, schists,  limestones  and  granites. 

Bauerman,96  in  1885,  describes,  near  the  forty-ninth  parallel,  west  of 
the  Rocky  mountains,  large  areas  of  crystalline  rocks,  among  which 
are  granites,  gneisses,  basalt,  etc.    The  gneiss  of  Spokane  resembles 
the  typical  Laurentian  gneiss  of  Canada.    The  metamorphic  slates  and: 
greenstones  perhaps  belong  to  the  Huronian. 

Dawson  (G-.  M.),97  in  1886,  in  that  portion  of  the  Rocky  mountains 
between  latitudes  49°  and  50°  30',  places  the  lowest  rocks  found  in  the 
Cambrian.  These  comprise  quartzite,  quartzitic  shales,  argillites,] 
limestones,  and  conglomerates.  One  section,  between  South  Kootaniei 
pass  and  Flathead  river,  has  a  maximum  thickness  or  more  than  11, 000 I 
feet.  These  rocks  are  apparently  destitute  of  fossils  and  are  compared! 
in  their  lithological  character  with  the  Cambrian  of  the  Wasatch,  but! 
they  have  a  still  closer  resemblance  to  the  Chuar  and  Grand  canyon] 
groups  of  the  Colorado  river. 

Dawson  (G-.  M.),98  in  1887,  describes  Vancouver  island  and  the  adj 
jacent  coasts.  All  the  stratified  rocks  are  Cretaceous  or  TriassicJ 
although  they  are  often  metamorphic  and  crystalline.  To  all  the  vol-1 
canic  material  underlying  the  Cretaceous,  including  the  limestonesJ 
argillites  and  quartzites,  the  term  Vancouver  series  is  applied.  These! 
rocks,  the  oldest  in  the  district,  were  not  deposited  upon  a  granitic! 
floor,  as  the  granites  are  evidently  later  in  date,  and  nothing  is  knownj 
of  the  character  of  the  surface  upon  which  the  Vancouver  beds  were 
deposited.  Granitic  rocks  are  very  widespread.  The  granites  nes 
the  line  of  junction  with  the  Vancouver  series  are  charged  with  ii 
numerable  darker  fragments  from  that  series.  In  the  immediate  vicii 
ity  of  the  parent  rock  they  are  angular  and  clearly  marked,  but  at 
greater  distance  are  rounded  and  blurred  in  outline.  The  width  of  tliel 
belt  in  which  these  fragments  occur  may  exceed  half  a  mile;  in  othea 
cases  it  is  only  a  few  hundred  feet.  It  was  in  several  instances  found 
impossible  to  draw  a  distinct  line  between  the  granites  and  the  Vanl 
couver  rocks.  The  Vancouver  series  for  some  distance  from  the  contact! 
is  very  generally  shattered  and  penetrated  by  granitic  spurs  or  by  fell 
site  dikes.  If  the  granite  were  in  limited  intrusive  masses  these  would] 
be  regarded  as  ordinary  intrusive  rocks,  but  it  appears  everywhere  to| 
be  the  material  upon  which  the  Vancouver  series  rests,  and  is  never-| 
theless  evidently  of  later  date  than  these  rocks.    The  only  explana 
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ion  winch  appears  satisfactorily  to  account  for  the  appearances  met 
nth  is  that  in  consequence  of  upheaval  and  denudation  we  now 
lave  at  the  surface  a  plane  which  was  at  one  time  so  deeply  buried 
n  the  earth's  crust  that  the  rocks  beneath  it  had  become  subject  to 
granitic  fusion.  It  is  clear  that  the  granitic  rocks  beneath  were 
n  a  plastic  condition,  not  alone  from  the  fact  that  they  are  found  to 
>enetrate  the  older  series,  but  also  from  the  evidence  everywhere  met 
rith  of  the  scattering  out  of  fragments  of  the  stratified  rocks  into  the 
granites.  Both  the  granites  and  the  rocks  of  the  Vancouver  series  have 
>een  subjected  to  great  pressure  in  a  horizontal  direction,  causing  the 
ragments  in  the  agglomerates  to  assume  lenticular  forms  and  impress- 
Dg  a  more  or  less  distinctly  schistose  character  upon  them,  while  the 
Lark  included  fragments  in  the  granites  have  been  squeezed  out  into 
heets,  giving  the  portions  of  these  rocks  which  are  characterized  by 
^n  abundance  of  such  ^fragments  an  almost  gneissic  lamination.  At 
he  time  at  which  this  effect  was  produced  the  granites  must  still  have 
>een  in  a  plastic  state.  On  the  inner  side  of  Vancouver  island  it  may 
urther  be  remarked  that  for  a  long  stretch  the  flaggy  argillites  and 
[uartzites  are  frequently  directly  in  contact  with  the  granitic  rocks, 
endering  it  probable  that  the  refractory  character  of  their  materials 
as  proved  a  sufficient  barrier  to  the  progress  of  the  granitic  change, 
rhich  may,  locally,  have  nearly  reached  its  possible  limit.  Particular 
ccurrences  of  granite  at  many  localities  are  described  in  detail. 
MoOonnell,"  in  1887,  describes  the  Bow  river  series  in  the  eastern 
art  of  the  Eocky  mountains.  It  consists  of  dark-colored  argillites, 
ssociated  with  sandstones,  quartzites  and  conglomerates.  The  base 
not  seen,  but  the  part  exposed  has  an  estimated  thickness  of  11,000 
et.  The  argillites  are  occasionally  cleaved  and  have  scales  of  mica 
ten  developed  along  the  divisional  planes.  The  only  fossils  obtained 
om  this  formation  are  a  couple  of  trilobitic  impressions,  one  of  which 
as  identified  by  Walcott  as  Olenellus  gilberti. 

Bowman,100  in  1889,  states  that  certain  schists  are  found  in  the  Cari- 
>o  gold  belt  of  British  Columbia,  which  are  referred  to  the  lower 
ileozoic.  These  consist  in  the  main  of  slates  and  sandstones,  the 
tal  thickness  being  placed  in  the  neighborhood  of  from  5,000  to  8,000 
3t.  No  fossils  are  found,  and  their  position  as  lower  Paleozoic  is 
atative.  In  the  Alpine  region  of  Cariboo  are  found  gneisses,  gran- 
is  and  quartzites,  which  resemble  the  characteristic  rocks  of  the 
*chean.  Associated  with  these  are  lower  granitic  rocks.  The  entire 
fstalline  series  of  the  gold  region  of  Cariboo  is  lithologically  identi- 
[,  as  near  as  can  be  described  in  general  terms,  with  the  rocks  of  the 
Cambrian  and  Cambrian  gold, regions  of  eastern  Canada.  The 
eissic  and  schistose  type  of  rocks  of  the  mount  Stevenson  group 
ecially  (supposed  to  represent  the  lowest  horizon,  on  account  of  their 
ociation  with  granite  in  a  central  and  massive  mountain  group) 
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finds  litliological  representatives  in  the  pre-Cambrian  rocks  of  the  east- 
ern provinces  of  the  Dominion  and  in  the  Appalachian  axis. 

Dawson,  (G.  M.)101,  inl891?  describes  a  section  in  the  Selkirk  range 
and  compares  it  with  a  section  of  the  interior  plateau  region  at  Kootanh 
and  Adams  lakes  and  on  the  west  side  of  the  Eocky  mountains.  Th( 
sections  are  given  and  correlated  as  follows: 

Provisional  comparative  table  of  formations  met  with  (1)  in  the  eastern  border  of  the  in 
terior  plateau  of  British  Columbia,  {2)  in  the  Selkirk  range,  and  (3)  on  the  western  si<f 
of  the  adjacent  portion  of  the  Eocky  mountain  ranges. 


Section  on  Kootanie  and 
Adams  lakes. 


2.  Section  in  the  Selkirk  range 
on  line  of  Canadian  Pacific 
Railway. 


3.  Section  in  tlie  Rocky  moun- 
tains (west  side  of  range, 
McConuell). 


Feet. 

6.  Greenish  and 
gray  schists, 
with  lime- 
stone    2, 000 

5.  Limestone  o  r 
marble  with 
black,  glossy 
argillites  and 
some  gray 
schists  2,500 


Quartzites,  with  gray 

schists    and   some 

limestone 
Black  shaly  argillites, 

limestone,  and    gray 

schists. 


Feet. 


Feet. 
Halysites  beds,    dolo- 
mites, and  quartzites    1, 300 
or  more. 
Graptolite-  bearing 
shales.    Black  fissile 
argillites,  with  some 
limestone 1, 500 


Chiefly  green- 
ish, with  some 
gray  schists.  4,050 

Chiefly  gray, 
with  some 
greenis  h 
schists 8,550 


Gray  schists  and 
gray  quartzites, 
with  somequartz- 
ose  conglomerate 
and  interbedded 
blackish  argil- 
lites, the  last 
chiefly  toward  the 
base 25,000 


Greenish  and  gray 
calc-schists  and 
greenish  and 
reddish  shales 
and  slates,  with 
some   dolomitic 

limestone 10,000 

(probably). 


2.  Black,  shaly  or 
schistose  ar- 
gillite,  with 
some  lime- 
stone   1,000 

or  more. 


Blackish  argillite- 
schists  and  phyl- 
1  i  t  e  s,  generally 
calcareous,  with 
some  beds  of  lime- 
stone and  quartz- 
ite 15,000 


Dark  argillites, 
with  some  quarfo- 
ites  and  conglom- 
erates, the  latter 
particularly 
toward  the  sum- 
mit.      Base     not 

seen 10, 000 

or  more. 


&  • 


Mica  -schists, 
gneisses,  and 


marbles 


...  5,000 
or  more. 


ea'aj  Gray  gneissic 
£  ©  rocks  and  coarse 
2'fc       mica-schists  ... 


. .     5,  000 
or  more. 


Associated  with  the  Archean  schists  are  certain  granitoid  rocks  whk  I 
may  represent  either  portions  of  the  schists  in  which  the  bedding  hjil 
been  obliterated  or  very  ancient  intrusives.     Besides  these  there  is  j  f 
least  one  later  series  of  intrusive  granites  which  are  probably  later  ths,  j 
most  of  the  Paleozoic  rocks.     The  Shuswap  series  of  the  Adams  lal  ( 
section  appears  to  be  traceable  on  their  line  of  strike  into  diabases  ai 
diabase  rocks,  which  are  often  agglomerates  and  pass  into  volcanic  a** 
rocks.    In  the  Shuswap  series  of  the  Selkirk  nearly  half  of  the  enti 
mass  of  the  rocks  exposed  consist  of  intrusive  or  vein  granite  wii 
pegmatitic  tendencies.     In  the  Mseonlith  series  the  lamination  isoft* 
true  bedding,  but  in  some  cases  a  slaty  cleavage  is  developed.    In  tl 
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Castle  mountain  group  and  the  upper  3,000  feet  of  the  Bow  river  series 
of  the  Eocky  mountain  section  the  Olenellus  fauna  is  found.  Nowhere 
in  any  of  the  sections  were  unconformities  seen.  In  sections  1  and  2 
no  fossils  have  been  discovered.  The  correlations  are  made  upon  rela- 
tive positions  and  lithological  grounds.  Between  the  Shuswap  and 
overlying  series  there  is  believed  to  be  a  great  time  break,  for  this 
lower  series  is  of  a  markedly  more  crystalline  character,  and  the  numer- 
ous granite  veins  which  everywhere  cut  it  at  no  point  enter  the  over- 
lying Cambrian  strata.  The  rocks  placed  in  the  Cambrian  are  then 
40,000  feet  thick.  The  use  of  the  term  Algonkian  to  designate  the 
rocks  conformably  below  the  Olenellus  fauna  is  objected  to,  it  being 
more  philosophical  to  include,  for  the  present  at  least,  the  whole  of  this 
great  conformable  mass  of  rocks  to  its  base  under  the  name  Cambrian. 

SUMMARY  OF  RESULTS. 

The  literature  of  the  vast  region  covered  by  the  western  coast  ranges 
and  British  Columbia  is  too  meager  to  make  possible  any  systematic 
comparisons  between  the  rocks  of  different  districts.  No  attempt  has 
been  made  accurately  to  map  any  considerable  areas  in  the  region. 
[The  crystalline  series  have  been  referred  to  the  pre-Cambrian,  Cam- 
brian, Huronian,  or  Laurentian,  as  the  particular  author  thought  ad- 
Usable. 

In  California,  Whitney  evidently  regarded  all  of  the  granites  and 
netamorphic  rocks  as  of  very  late  age,  but  Becker,  on  the  contrary, 
egards  the  main  mass  of  them  as  the  equivalent  of  the  most  ancient 
louiplex  of  Arizona  and  other  western  Territories.  The  earlier  ob- 
servers, such  as  Antisell,  speak  of  the  granites  and  metamorphic  rocks 
diich  occur  in  the  different  ranges  as  Primary,  but  this  reference  was 
Nearly  made  upon  lithological  grounds.  While  nothing  definite  can  be 
laid,  the  descriptions  of  some  of  the  areas  in  southern  and  southeast- 
ern California  and  in  the  district  along  the  Canada  de  las  Uvas  cer- 
ainly  suggest  that  in  these  districts  are  thoroughly  crystalline  Com- 
dexes which  are  lithologically  like  the  fundamental  complex  of  the 
fcocky  mountain  region,  but  it  can  not  be  positively  asserted  that  any- 
where in  this  region,  except  in  British  Columbia,  such  an  ancient  rock 
ystem  has  been  found.  Here  the  recent  work  of  Dawson  has  shown 
he  existence  of  a  fundamental  complex  in  all  respects  like  that  found 
i  the  Eocky  mountains  of  the  United  States. 

Nothing  definite  can  be  said  as  to  the  existence  in  California  of  pre- 
ambrian  clastic  series  later  than  such  a  possible  fundamental  com- 
|lex.  It  is  not  at  all  impossible  that  such  great  series  of  crystalline 
1  lists  as  that  described  by  Gilbert  at  Whites  peak,  in  the  Amargosa 
nge,  is  the  equivalent  of  the  elastics  of  the  Grand  canyon  group, 
his  series  was  by  this  author  referred  to  the  Silurian ;  but  the  Grand 
anyon  series  at  that  time,  when  the  lowest  fossiliferous  rocks  were  so 
died,  was  also  called  Silurian. 
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In  British  Columbia  tlie  lower  7,000  feet  of  the  Bow  river  series  of  rocks  I 
may  be  pre-Olenellus,  and  not  improbably  belong  to  the  Algonkian  un-  i 
der  our  usage  of  the  term,  although  placed  by  Dawson  under  his  usage  -3 
as  a  part  of  the  Cambrian.  If  a  part  of  this  Bow  river  series  is  Argon-  j 
kian,  it  would  carry  with  it  also,  in  all  probability,  the  Msconlith  series, } 
with  possibly  a  portion  of  the  Selkirk  series,  and  doubtless  also  a  por- 1 
tion  at  least  of  the  section  at  Kootanie  and  Adams  lakes  j  hence  it  is  I 
not  improbable  that  in  British  Columbia  is  a  great  area  in  which  Al- 1 
gonkian  rocks  occur. 
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OHAPTEE   VII. 

EASTERN  UNITED  STATES. 
SECTION  I.      THE  NEW  ENGLAND   STATES. 

LITERATURE   OF   MAINE. 

Jackson/  in  1837,  observed  granite,  gneiss,  and  mica-schist  at  many 
localities.  At  one  place  schistose  fragments  occur  in  syenite,  which 
indicates  that  the  syenite  has  been  thrown  up  in  a  melted  state  since 
the  deposition  and  induration  of  the  argillaceous  and  talcose  slates 
included.     Dikes  very  frequently  cut  the  fossiliferous  horizon.     • 

Hitchcock2  (Edward)  in  1837,  describes  a  rock  succession  at  Port- 
land as  consisting  from  the  base  upward  of  (1)  granite;  (2)  gneiss;  (3) 
talcose  and  mica-slates,  with  quartz-rock;  (4)  hornblende  slate;  (5) 
limestone;  (6)  plumbaceous  mica-slate;  (7)  pyritiferous  mica-slate. 
The  latter  has  the  aspect  of  a  graywacke-conglomerate,  being  filled 
with  distinct  rounded  masses  of  quartz  rock.  It  is  really  a  mica-slate 
conglomerate.  The  series  are  in  a  vertical  position  and  the  whole  are 
cut  by  greenstone  dikes. 

Jackson,3  in  1839,  includes  in  the  Primary  rocks  of  Maine  the  gran- 
ites, gneiss,  talcose  slate,  and  argillaceous  slate.  The  transition  rocks 
are  a  great  formation,  which  includes  slates,  limestones,  fine  gray- 
wackes,  and  coarse  conglomerates.  It  is  also  fossiliferous.  At  one  place 
mica- slate  is  thrown  aside  by  intrusive  granite. 

Hitchcock4  (Chas.  H.),  in  1861,  divides  the  unfossiliferous  rocks 
into  Stratified  or  Azoic  and  Laurentian.  With  the  latter  are  placed 
granitic,  trappean,  and  Archean  rocks.  The  Azoic  rocks,  which  may 
be  in  age  Laurentian  to  Carboniferous,  include  gneiss,  mica- schist, 
quartz-rock  and  conglomerate,  jasper,  siliceous  slate,  and  hornstone.  The 
quartz-rocks  and  conglomerates  are  associated.  At  one  place  a  con- 
glomerate has  elongated  pebbles  which  indent  each  other,  which  is 
evidence  that  they  must  have  been  in  a  plastic  condition.  Metamor- 
phism  may  even  produce  granite  and  gneiss  by  aqueo-igneous  fusion. 
The  syenites  containing  fragments  of  schist  and  trap,  described  by 
Jackson,  are  believed  to  be  metamorphosed  conglomerates,  the  included 
pebbles  of  which  have  preserved  their  original  shapes.  The  foliation 
of  the  metamorphic  rocks  generally  correspond  with  the  planes  of  strat- 
ification, but  may  cross  the  strata  like  cleavage  planes.  The  trap  dikes 
are  believed  to  be  eruptive. 
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Hitchcock  (Chas.  H.),5  iu  1862,  describes  the  rocks  of  the  southern 
part  of  the  state  as  granite  and  syenite,  gneiss  and  mica-schist,  saccha- 
roidal  Azoic  limestone,  quartz-rock,  (Taconic),  Eolian  limestone,  etc. 
Presumably  the  granite  and  syenite,  the  gneiss  and  mica-schist,  and 
Azoic  limestone  are  Primitive.  In  the  Kennebec  valley  are  found  in- 
terstratified  limestones  and  slates,  the  cleavage  of  which  is  almost 
transverse  to  the  bedding,  so  that  it  is  only  possible  to  get  at  the  true 
direction  of  lamination  by  following  the  limestone  belts.  At  one  place 
is  an  abrupt  change  from  mica-schist  to  granite.  A  red  conglomerate 
rests  uncomformably  upon  a  slate  at  Woodstock. 

Hitchcock  (OhAS.  H.),6  in  1874,  describes  at  Portland  three  groups 
of  rocks,  the  oldest  of  which  is  the  Huronian.  In  this  system  are  green 
talcose  schists,  hornblendic  schist,  micaceous  and  plumbaceous  schist, 
and  other  varieties.  They  are  referred  to  the  Huronian  on  the  ground 
that  such  rocks  are  typical  of  this  period,  and  continuity  of  mineral 
character  indicates  similarity  of  age  till  otherwise  proved. 

Huntington,7  in  1878,  describes  the  region  about  the  headwaters  of 
the  Androscoggin  river.  The  rocks  are  classified  as  Laurentian,  Hu- 
ronian, and  Paleozoic.  In  the  Laurentian  is  gneiss,  containing  lime- 
stone. In  the  Huronian  are  White  mountain  gneisses  and  schists, 
mica- schists,  with  staurolite,  chloritic  and  whitish  argillitic  mica- schists, 
sandstone-schists,  diabase,  diorite  with  serpentine,  argillitic  mica- 
schists  with  staurolite,  and  Eangely  conglomerates.  In  the  Eangely 
conglomerate,  when  freshly  broken,  every  portion  of  it  except  the  peb- 
bles resembles  in  all  respects  the  staurolitic  schist.  Going  across  the 
stratification  are  places  where  the  pebbles  are  wanting,  or  have  been 
so  changed  that  they  are  not  apparent,  although  locally  the  fragments 
of  the  conglomerate  are  a  foot  in  diameter.  Granite,  diorite,  and  fels- 
ite  are  placed  among  the  eruptive  rocks. 

Shaler,8  in  1889,  describes  the  rocks  of  mount  Desert.  The  island 
consists  of  a  central  mass  of  hornblende-granite  and  a  succession  of 
sedimentaries  on  the  north  and  south  sides.  About  the  massive  core 
are  the  following  series :  The  Sutton  island  series  of  highly  metamor- 
phosed clay-slates,  quartzites,  bedded  felsites,  and  associated  traps; 
the  Cranberry  island  series,  essentially  the  same  as  the  Sutton  island 
series,  with  many  beds  of  volcanic  ash ;  the  Schooner  head  series  of 
contorted  argillaceous  schists,  shales,  and  the  associated  injected 
rocks;  the  Bar  harbor  series  of  thick-bedded  flaggy  slates  and  asso- 
ciated bedded  felsites  and  quartzites,  with  numerous  injections  of 
igneous  rocks;  and  the  Bartletts  island  series  of  contorted  schists, 
with  frequent  beds  of  quartzites,  which  often  assume  a  gneissic  aspect 
with  the  associated  injections  of  igneous  rocks.  The  great  central 
mass  of  granite  is  said  to  be  essentially  a  dike.  In  approaching  the 
central  granite  the  amount  of  granitic  dike  injections  in  the  sedimen- 
tary series  greatly  increases,  and  in  the  sedimentary  rocks  are  found 
numerous  dikes  of  granite.     No  two  of  the  various  sedimentary  series 
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are  found  superimposed  upon  each  other,  although  there  are  at  least  a 
half  dozen  series  which  are  regarded  as  representing  different  parts  of 
the  geological  section.  The  aggregate  thickness  of  the  various  sections 
is  not  less  than  6,000  feet  and  may  be  one  half  more  than  this.  The 
great  part  of  mount  Desert  rocks  are  referred  to  the  lower  part  of  the 
Cambrian  section,  although  the  volcanic  rocks  of  Cranberry  island 
resemble  deposits  of  similar  nature  at  Eastport,  Maine,  which  seem  to 
be  of  Silurian  age. 

to 
LITERATURE  OF  NEW  HAMPSHIRE. 

Jackson,9  in  1841,  in  a  general  consideration  of  the  geology  of  the 
state,  states  that  granite  is  an  igneous  rock  and  is  the  foundation  on 
which  all  the  more  recent  formations  rest.  When  it  is  found  cutting 
other  rocks,  the  intense  heat  has  often  metamorphosed  the  adjacent 
rocks  for  considerable  distances.  Eeposing  directly  on  the  granite  is 
found  gneiss,  the  origin  of  which  is  undetermined.  By  some  geologists 
gneiss  is  considered  a  metamorphic  rock;  others  suppose  that  its  strat- 
ified structure  is  due  to  the  crystallization  in  laminse  and  that  it  is 
merely  the  upper  crust  of  granite.  Above  the  gneiss  are  found  mica- 
slate,  chlorite- slate,  and  argillaceous  slate,  which  are  regarded  as 
metamorphic  rocks.  Slates  and  granite  alternate  with  each  other,  and 
this  is  due  to  the  subsequent  intrusion  of  granite.  There  have  been 
several  periods  of  eruptions  of  trap  dikes,  as  is  shown  by  the  manner 
in  which  they  cut  each  other. 

Jackson,10  in  1844,  gives  many  facts  as  to  the  distribution  of  the 
rocks,  with  numerous  sectional  profiles.  Granite,  syenite,  porphyry,  trap, 
basalt,  and  lava  are  regarded  as  eruptive  rocks.  As  a  result  of  out- 
bursts and  elevations  the  strata  have  been  broken  up,  altered  in  po- 
sition, and  included  between  masses  of  molten  gneiss  and  granite.  In 
this  way  is  explained  the  intercalation  of  masses  of  argillaceous  slates 
in  the  primary  series  and  the  metamorphosis  of  the  'sedimentary  depos- 
its by  igneous  action. 

Bogers,  (Henry  D.  and  Wm.  B.),11  in  1846,  state*  that  the  assump- 
tion that  the  White  mountains  belong  to  the  Primary  series  involves 
two  errors :  first,  in  assigning  all  the  rocks  to  the  gneissoid  class ;  and, 
second,  in  supposing  that  none  of  the  strata  contain  organic  remains. 
The  gorge  of  the  Saco  was  closely  examined.  The  rocks  were  found  to 
have  a  stratified  structure  throughout,  although  in  many  cases  ap- 
proaching very  close  to  granite.  They  are  regarded  as  very  highly 
metamorphic  sandstones  and  slates.  Associated  with  the  crystalline 
rocks  are  semicrystalline  sandstones  which  contain  distinct  fragments. 
In  a  shale  are  found  fossils,  which  lead  to  the  conclusion  that  the 
series  represents  the  Levant  or  Matinal.  The  metamorphic  beds  are  cut 
by  beds  and  veins  of  syenitic  granite,  and  the  extremely  crystalline 
character  of  the  slates  and  sandstones  is  regarded  as  due  to  the  igneous 
material. 
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Jackson,12  in  1848,  maintains  that  in  the  White  mountains  are  numer- 
ous localities  where  fragments  of  slate  are  included  in  the  granite 
which  are  not  altered  by  heat  beyond  mere  induration.  In  New  Hamp- 
shire numerous  masses  of  older  Silurian  strata  occur  intercalated  with 
the  Primary  rocks. 

Hitchcock  (0.  H.)  and  Huntington,13  in  1877,  give  a  full  account  of 
the  geology  of  New  Hampshire.  Hitchcock  divides  the  pre-Paleozoic 
rocks  of  the  northeastern  United  States  into  two  divisions :  first,  the  more 
ancient  gneisses  and  granites;  second,  the  area  of  hydromicaeeous and 
micaceous  schists,  which  are  termed  Huronian.  In  the  Paleozoic  are 
placed  great  expanses  of  clay-slates.  The  first  division  is  divided  into 
four  parts :  first  and  oldest,  the  Laurentian ;  second,  the  porphyritic 
gneiss  and  the  various  undetermined  granites ;  third,  the  Atlantic ;  and 
fourth,  the  Labradorian.  Among  the  Huronian  is  placed  the  Quebec 
group  of  Logan. 

Huntington  gives  the  geology  of  the  Coos  and  Essex  district.  The 
Coos  rocks,  consisting  of  argillaceous  schists,  clay-slates,  and  micaceous 
sandstones,  are  supposed  to  belong  to  the  fossiliferous  series.  The  Hu- 
ronian rocks  are  found  east  of  the  line  limiting  the  Coos  group.  They 
consist  of  green  chloritic  rocks,  in  which  the  lines  of  stratification  are 
obscure.  Contained  are  greenish  feldspathic  sandstones,  with  inter- 
calated bands  of  siliceous  limestones.  There  are  also  here  contained 
stratified  diorites,  diabases,  and  hornblende-rocks.  The  porphyry  which 
occurs  connected  with  the  Coos  and  Huronian  penetrates  the  rocks 
with  which  it  comes  in  contact,  and  the  intrusive  character  can  not  be 
doubted.  Outcrops  of  granites  and  granitoid  gneisses  have  a  wide  ex- 
tent, a  part  of  them  being  regarded  as  genuine  eruptive  granites  since 
they  intersect  the  schists  in  numerous  veins  and  beds.  The  basic  dikes 
are  the  latest  of  all,  cutting  the  granites  and  intersecting  the  schists 
at  many  places. 

Hitchcock  gives  the  formations  of  the  White  mountain  district  in 
ascending  order,  as  follows:  (1)  Porphyritic  gneiss;  (2)  Bethlehem 
gneiss;  (3)  Berlin  or  Lake  gneiss;  (4)  Montalban  group;  (5)  Franconia 
breccia;  (6)  Labrador  system  or  Pemigewasset  series  of  granites,  ossi- 
pytes,  compact  feldspars,  etc.;  (7)  syenite;  (8)  andalusite  slates;  (9) 
Pequawket  or  mount  Mote  granite.  The  three  first  are  regarded  as 
metamorphic,  although  the  stratification  is  destroyed.  The  Montalban 
group  includes  granitic  gneiss,  mica- schist,  and  quartzite.  The  gran- 
itic gneiss  sometimes  shows  no  visible  mark  of  stratification,  as  in 
the  Concord  granite,  although  the  whole  is  regarded  as  metamor- 
phic. An  unconformity  is  inferred  between  the  Montalban  schists 
and  the  porphyritic  gneiss  on  account  of  the  divergence  in  the  strike 
of  the  two  groups.  Eruptive  granite  is  found  in  the  Montalban  schists. 
The  Franconia  breccia  is  placed  later  in  the  chronological  scale  than 
the  Montalban  group,  because  it  is  the  impression  of  the  author  that 
he  has  seen  Montalban  fragments  in  this  rock.    The  Labrador  system 
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is  considered  as  the  probable  equivalent  of  the  Labrador  system  of 
Logan  and  Hunt.  It.  includes  the  Conway  granite,  Albany  granite, 
Otoconia  granite,  Ossipyte  or  Labradorite  rocks,  and  various  compact 
and  crystalline  feldspars  or  porphyries.  The  relations  of  the  Albany 
granite  and  the  Andalusite  slate  do  not  show  that  the  underlying  gran- 
ites are  certainly  not  sediments,  although  they  have  been  so  thoroughly 
metamorphosed  as  to  have  lost  their  lines  of  original  bedding;  but  the 
evidence  in  favor  of  their  eruption  since  the  deposition  of  the  andalusite 
slates  is  increasing.  The  slates  are  twisted  and  broken  in  many  places, 
the  fragments  being  cemented  together  by  a  granitic  paste;  also,  frag- 
ments of  slate  occur  imbedded  in  the  underlying  granite.  The  Labra- 
dor group  is  found  in  seven  areas.  The  Labrador  rocks  lie  uncon- 
formably  upon  the  upturned  edges  of  the  Montalban  gneisses,  the 
discordance  varying  from  45°  to  70°.  Porphyry  occurs  in  this  system, 
which  is  regarded  as  intrusive.  Syenite  has  quite  a  widespread  occur- 
rence. The  andalusite  slates  are  regarded  as  the  equivalent  of  the  Coos 
series,  but  they  are  similar  to  the  Huronian  system.  The  Pequawket 
series  is  regarded  as  late  eruptives.  The  stratigraphic  order  in  the 
White  mountains  is  finally  concluded  upon  as  follows :  (1)  the  Lau- 
rentian,  represented  by  the  Porphyritic  gneiss  and  the  Bethlehem 
group ;  (2)  the  Atlantic,  consisting  of  the  Lake  or  Berlin  and  Mont- 
alban gneisses,  and  the  Franconia  breccia;  (3)  the  Labradorite;  (4)  the 
Huronian;  (5),  the  Merrimac  schists;  (6)  the  Andalusite  schist  group; 
(7)  eruptions  of  porphyry;  (8)  eruptions  of  the  Conway,  Albany  and 
Chocorua  granites  and  syenites;  (9)  the  formation  of  the  mount  Pequaw- 
ket or  mount  Mote  porphyritic  breccia.  This  order  is  somewhat  dif- 
ferent from  that  stated  at  the  beginning  of  the  chapter.  The  Huronian 
barely  touches  the  White  mountain  area.  With  it  are  placed  certain 
quartzites  which  are  lithologically  like  those  of  Canada.  The  Green  and 
White  mountain  gneisses  are  regarded  as  Eozoic  because  they  are  a 
continuation  of  the  Eozoic  rocks  of  New  Jersey  and  New  York,  because 
they  are  bordered  by  quartzites  which  are  of  Cambrian  age,  which  dip 
away  from  them  both  to  the  east  and  west,  because  the  Labrador  series 
is  present,  and  because  fossiliferous  Helderberg  strata  are  found  on 
both  the  east  and  west  sides  of  the  White  mountains  side  by  side  with 
the  metamorphic  schists,  the  former  containing  fossils. 

In  the  Ammonoosuc  gold  field  of  the  Connecticut  valley  the  follow- 
ing succession  is  found:  (1)  Laurentian,  consisting  of  the  Porphyritic 
and  Bethlehem  gneisses;  (2)  Atlantic  gneiss,  represented  by  the 
Lake  division;  (3)  Huronian,  embracing  the  Lisbon  and  Lyman  groups 
and  the  auriferous  conglomerate;  (4)  Cambrian  clay-slate;  (5)  Coos 
group;  (6)  Swift  water  series;  (7)  Helderberg  quartzites,  slates  and 
limestones.  The  Huronian  formations  embrace  schists,  conglomerates, 
the  pebbles  being  sometimes  flattened,  quartzites,  dolomites  and  jas- 
pers. 

In  the  area  between  Haverhill   and  Olaremont  the  subdivisions  are 
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as  follows:  (1)  Bethlehem  gneiss;  (2)  Huronian,  with  three  or  four 
subdivisions;  (3)  Cambrian  clay  slate;  (4)  Coos  quartzites;  (5)  Coos 
slates  and  schists;  ((>)  calciferous  mica-schist;  (7)  eruptive  granites, 
including  the  mount  Asentney  area,  which  is  partly  composed  of  rocks 
older  than  Huronian. 

In  the  Connecticut  valley  district,  between  Clareinont and  Hinsdale, 
the  succession  is  as  follows,  beginning  with  the  lowest:  (1)  Bethlehem 
gneiss;  (2)  gneisses  of  the  Montalban  series;  (3)  Huroniau;  (4)  Coos 
quartzites;  (5)  Coos  slates  and  schists;  (6)  calciferous  mica-schist;  (7) 
eruptive  granite.  The  Coos  quartzites  and  calciferous  mica-schists  are 
only  semicrystalline  rocks,  all  the  thoroughly  crystalline  schists  being 
placed  with  the  pre-Cambrian.  The  thickness  of  the  Huronian  rocks 
in  New  Hampshire  is  placed  in  the  neighborhood  of  10,000  feet. 

Huntington  gives  the  order  of  superposition  of  the  rocks  in  the  west 
part  of  the  Merrimac  district,  as  follows:  (1)  Porphyritic  gneiss;  (2) 
Bethlehem  or  Protogene  gneiss;  (3)  common  or  Lake  gneiss;  (4)  ferru- 
ginous concretionary  schist;  (5)  fibrolite  schist,  sometimes  gneissic  and 
passing  into  common  mica-schist;  (0)  quartzites  and  quartz  conglom- 
erates; (7)  intrusive  rocks  and  veinstones.  Hitchcock  gives  the  order 
in  the  east  part  of  the  district  thus :  (1)  Porphyritic  gneiss;  (2)  Lake 
gneiss;  (3)  Montalban  series,  including  the  Concord  granite;  (4)  ferru- 
ginous schist;  (5)  Andalusite  mica-schists,  with  coarse  granite  veins; 
(6)  Rockingham  mica-schist;  (7)  Kearsarge  andalusite  group;  (8)  Mer- 
rimac group,  including  a  little  clay  slate.  There  are  no  eruptive  rocks 
in  this  area  of  sufficient  importance  to  find  a  place  upon  the  map. 

Hitchcock  gives  the  succession  in  the  Lake  district,  embracing  the 
Winnipiseogee  lake  and  the  flat  country  to  the  north,  as  follows:  (1) 
Porphyritic  gneiss;  (2)  Lake  gneiss;  (3)  Montalban.  The  eruptive 
rocks  are  more  plentiful  and  varied,  consisting  of  (1)  Conway;  (2) 
Albany:  (3)  Chocorua  granites;  (4)  porphyry;  (5)  Pequawket  brec- 
cia; (6)  Labradorite  diorite;  (7)  syenite;  (8)  granite,  not  allied  to  any 
of  the  foregoing. 

The  succession  in  the  Coast  district,  including  the  southeast  corner 
of  the  State,  is  as  follows:  (1)  Porphyritic  gneiss;  (2)  Lake  gneiss 
(including  the  Laurentian  of  Massachusetts) ;  (3)  Montalban ;  (4)  Rock- 
ingham group;  (5)  Merrimac  group ;  (0)  Kearsarge  group ;  (7)  Huronian 
and  Cambrian  of  Massachusetts.  The  unstratified  rocks  are  the  sye- 
nites of  Exeter  and  Pawruckaway,  inferior  granites,  and  the  well  de- 
veloped granites  and  porphyries  of  York  county,  besides  a  great  many 
trap  dikes  along  the  coast. 

In  considering  the  principles  of  classification,  as  guiding  principles 
it  is  premised  that  in  this  field  are  inverted  flexures  and  dislocations  of 
the  strata.  Also  that  formations  of  the  same  mineral  composition  in 
one  part  of  the  field  may  be  identified  with  those  of  like  composition  in 
another  part  of  the  field,  as,  for  instance,  the  porphyritic  gneiss  in 
thirty  areas  has  feldspar  crystals  very  cons})icuous  for  their  size.  All 
Bull,  SO 23 
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these  areas  are  assumed  to  be  identical  in  age,  and  in  placing  the  rela- 
tive positions  of  the  intervening  groups  this  is  relied  upon  for  a  start- 
ing point.  The  general  order  of  succession  for  New  Hampshire,  from 
the  base  upward,  is,  Porphyrinic  gneiss;  Bethlehem  gneiss;  Lake  and 
Montalban  series;  argillaceous,  talcose,  hydroinicaceous  and  calcareous 
series;  Labrador  series  (present  in  New  Hampshire,  limited  in  amount) ; 
various  types  of  mica-schists.  Andalusite  slate  in  this  mica-schist  for- 
mation lies  un conformably  upon  the  Montalban  at  mounts  Monad- 
nock  and  Kearsarge.  The  principal  eruptive  masses  are  the  Conway, 
Albany,  Ohocorua  granites,  syenites,  other  granites,  and  labradorite, 
diorites  and  dolerites.  The  granites  cut  rocks  as  high  as  the  Coos 
group.  The  Porphyrinic  gneiss  and  the  Bethlehem  group  are  referred 
to  the  Laurentian.  The  Lake  gneiss  can  not  easily  be  assigned.  The 
Montalban  certainly  is  not  characteristic  of  the  Laurentian,  but  all  of 
the  preceding  are  regarded  as  underlying  the  Huronian.  It  is  thus 
concluded  to  place  the  Porphyritic,  Bethlehem,  and  Lake  gneisses  with 
the  Laurentian,  leaving  the  position  of  the  Huronian  and  Montalban  to 
be  settled  by  other  considerations. 

The  Huronian  is  divided  into  two  divisions,  the  upper  chloritic,  and 
tin4  lower  quartzose  and  feldspathic.  The  greenstones  seem  to  be 
closely  allied  to  the  upper  Huronian  and  the  porphyries  to  the  lower 
division,  ami  to  this  may  belong  the  supposed  eruptive  porphyries  of 
the  White  mountains.  The  Merrimack,  Bockingham,  and  Kearsarge 
mica-schists  are  somewhat  related  to  the  Huronian,  as  well  as  to  the 
Cambrian.  They  are  all  referred  doubtfully  to  the  Paleozoic  system. 
The  doubtful  Paleozoic  is  placed  at  11,600  feet  thick;  the  Upper  Huro- 
nian, 12,129  feet;  Lower  Huronian,  not  estimated;  Montalban,  13,700; 
Laurentian,  34.900.  The  Labrador  system  if  present  in  New  Hamp- 
shire is  in  very  limited  amount.  Certain  of  the  labradorites  are  surely 
injected  dikes,  and  hence  it  is  doubtful  whether  the  Water ville  area 
really  represents  the  Labrador  system  of  Canada. 

Hawes,14  in  1878,  regards  the  diabases,  diorites,  gabbros,  felsites, 
granites,  and  syenites  of  New  Hampshire  as  eruptive  rocks.  Some  of 
them  may  have  been  produced  by  the  fusion  of  sediments,  but  however 
this  may  be,  they  have  all  been  in  a  molten  condition  and  been  free  to 
crystallize.  There  are  beds  of  granite  which  are  unconformable  with 
the  associated  stratified  rocks;  there  are  granites  filling  well  defined 
dikes;  there  are  granites  which  so  tar  as  can  be  seen  are  entirely  de- 
void of  structural  relations;  there  are  granites  which  are  mixed  with 
other  rocks,  or  which  hold  huge  fragments  of  other  rocks  inclosed  in 
their  masses.  All  these  features  are  often  repeated.  Among  the  crys- 
talline schists  are  placed  gneiss,  mica-schist,  argillitic  mica-schist,  and 
quartz- schist.  The  gneisses,  like  the  granites,  are  believed  to  be  of 
eruptive  origin,  or  at  least  to  have  acted  like  an  eruptive  rock,  the 
lamination  being  an  induced  structure  which  may  or  may  not  cor- 
respond with  original  bedding  in  case  they  are  completely  metamor- 
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phosed  material.  The  gneisses  in  their  minerals,  inclusions,  and  mi- 
croscopic characters  are  like  granites,  and  pressure  may  have  been  as 
effective  m  producing  lateral  movements  and  forming  foliation  in  a 
plastic  mass  as  sedimentation.  If  the  stratification  of  the  gneiss  is 
then  regarded  as  an  induced  structure  it  would  not  follow  that  the 
stratification  should  correspond  with  the  original  bedding,  and  even  if 
the  lamination  does  correspond  with  the  plane  of  the  strata,  the  lami- 
nation can  not  be  referred  to  stratification  of  sediments,  for  the  cleavage 
of  the  adjacent  rocks  may  also  be  due  to  pressure  and  be  different  from 
the  plane  of  bedding.  The  greenstones,  including  metamorphic  diorite, 
quartz-diorite,  and  amphibolite,  are  regarded  as  metamorphosed  sedi- 
mentary rocks.  These  have  marked  lithological  distinctions  from  the 
fresh  basic  rocks  recognized  as  eruptives.  The  clay-slates  and  quartz- 
schists  are  semicrystalline  rocks.  The  slaty  cleavage  and  bedding 
are  sometimes  discordant. 

Hawes,15  in  1881,  describes  the  Albany  granite  as  penetrating  and 
metamorphosing  the  schists,  and  as  having  a  porphyritic  structure  near 
its  contact  with  them,  and  it  is  therefore  concluded  to  be  intrusive. 

Hitchcock,  (Ohas.  H.)16  in  1890,  regards  the  oval  granitoid  areas 
occurring  in  the  White  mountains,  about  which  occur  foliated  rocks 
with  an  anticlinal  quaquaversal  arrangement,  as  the  oldest  known  or 
fundamental  rocks  of  the  region  which  are  remains  of  an  ancient 
archipelago. 

Williams,16  in  1890,  with  the  same  facts  before  him  gives  an  exactly 
opposite  interpretation  to  Hitchcock,  that  is,  that  the  central  granites 
are  younger  intrusive  masses. 

LITERATURE    OF    VERMONT. 

Adams,17  in  1845,  divides  the  older  rocks  of  Vermont  into  Primary 
strata  and  Paleozoic  rocks.  The  Primary  system  is  highly  crystal- 
line and  destitute  of  fossils.  It  is  divided  into  argillaceous  slate, 
calcaieo-mica-slate,  mica-slate,  talcose  slate,  Green  mountain  gneiss, 
gneiss  proper,  which  however  does  not  represent  the  order  of  super- 
position as  the  strata  are  involved  in  great  confusion.  The  marbles  of 
the  state  are  divided  into  three  systems,  Primary,  Taconic  and  New 
York.  There  are  few  Primary  marbles  in  the  state.  The  Taconic 
marbles  occur  throughout  the  range  of  limestone  from  Massachusetts  to 
the  north  part  of  Madison  county.  The  Taconic  system  includes  roof- 
ing slate,  Taconic  slate,  Sparry  limestone,  magnesian  slates,  Stockbridge 
limestone,  and  granular  quartz-rock. 

Adams,1"  in  1816,  includes  tin4  Taconic  and  Primary  systems  of  his 
previous  reports  under  the  general  term  Azoic  stratified  rocks,  as 
simply  expressing  the  fact  of  the  absence  of  organic  remains,  for  it  is 
not  to  be  assumed  that  the  Azoic  Taconic  rocks  are  more  ancient  than 
the  Paleozoic,  and  the  same  remarks  may  be  said  of  the  so-called  Pri- 
mary rocks,  not  a  small  portion  of  which  may  be  as  metamorphic  and 
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recent;  as  the  Ohainplain  rocks.  In  the  Green  mountains  are  quartz- 
rock,  gneiss,  talciferous  limestone,  quartz-gneiss  and  limestone  which 
are  supp3sed  to  be  Taconic.  Dikes  of  greenstone  cut  through  all  the 
divisions  of  the  stratified  rocks  and  are  therefore  more  recent  than  any 
of  them. 

Adams,19  in  1847,  gives  additional  details  as  to  the  rock  occurrences 
in  particular  localities. 

Thompson,20  in  1856,  states  that  the  Green  mountains  form  the  center 
of  an  anticlinal  axis,  the  dips  increasing  both  east  and  west  from  the 
principal  summits.  Slates,  schists  and  quartzites  are  found  which 
contain  a  few  obscure  fossils,  and  are  referred  to  the  Taconic  system. 

Hitchcock  (Edward),21  in  1861,  divides  the  rocks  in  general  into 
Stratified  or  Aqueous  and  TJnstratified  or  Igneous.  With  the  latter 
are  placed  granitic,  trappean  and  volcanic  rocks.  The  former  are  sub- 
divided into  Fossiliferous  and  Unfossiliferous,  or  Azoic.  In  this  latter 
division  are  placed  clay-slate,  quartz-rock,  mica-schist,  talcose. schist, 
and  chlorite- schist,  steatite  or  soapstone,  serpentine,  hornblende-schist, 
gneiss,  and  crystalline  limestone.  The  important  practical  question 
with  respect  to  the  metamorphic  rocks  is,  what  was  the  original  rock 
from  which  the  metamorphosed  deposit  was  derived?  In  not  a  few 
instances  so  complete  has  been  the  metamorphism  that  it  can  not  be 
told  whether  the  rock  belongs  to  the  oldest  of  the  crystalline  rocks  or 
is  earlier  than  the  Silurian  or  Cambrian.  While  the  degree  of  meta- 
morphism gives  no  clue  as  to  the  age  of  the  rocks,  from  other  evidence  it 
is  probable  that  most  of  the  highly  metamorphosed  rocks  of  Vermont 
are  altered  Devonian  and  Silurian.  In  the  western  part  of  the  state, 
aud  especially  that  part  of  New  York  that  lies  southwesterly,  are  found 
these  fossiliferous  rocks  but  little  altered,  and  these  form  a  starting 
point  for  the  Green  mountain  rocks  and  those  farther  east. 

Metamorphism  is  made  to  apply  to  any  transformation  of  any  kind 
of  rock  into  another.  At  Newport,  Ehode  Island,  East  Wallingford 
and  Plymouth,  Vermont,  are  found  schist-conglomerates  in  which  the 
pebbles  are  elongated  very  much  in  the  direction  of  their  strike.  They 
are  flattened,  but  not  so  strikingly  as  elongated  ;  they  are  indented  deeply 
into  each  other;  they  are  sometimes  a  good  deal  bent;  they  are  cut 
across  by  parallel  joints  and  fissures.  At  times  the  process  has  gone 
so  far  as  to  merge  the  pebbles  together,  and  as  to  scarcely  present  the 
appearance  of  ordinary  pebbles.  If  the  talcose  conglomerate  schist  is 
looked  at  on  the  edge  corresponding  to  the  dip,  nothing  is  seen  but 
alternate  folia  of  quartz  and  talc  and  mica,  and  the  rock  would  be  pro* 
nounced  a  good  example  of  a  talcose-schist.  But  a  fracture  at  right 
angles  reveals  the  flattened  pebbles,  and  shows  that  their  edges  are 
what  have  been  regarded  as  folia.  If  the  process  of  flattening  was 
carried  a  little  farther  no  evidence  would  remain  that  they  were  ever 
pebbles.  How  extensively  the  process  has  been  carried  through,  thus 
producing  schists  and  gneisses  from  conglomerates  in  the  Green  nioun- 
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tains,  is  unknown.  No  examples  have  been  found  of  decided  pebbles 
in  a  gneiss. 

At  Whately,  Massachusetts,  on  Aseutney,  and  at  Barnet  and  (Iran by, 
Vermont,  are  conglomerates  which  have  as  a  matrix  granite  and  por- 
phyry. The  granite  sometimes  passes  into  syenite.  At  Aseutney  the 
syenite  abounds  in  black  rounded  masses  which  are  for  the  most  part 
crystalline  hornblende  and  feldspar,  and  are  probably  transmuted  peb- 
bles. At  Granbythe  pebbles,  manifestly  rounded,  are  either  mica  schist 
or  white  almost  hyaline  quartz,  just  such  as  form  the  pebbles  in  the 
conglomerates  at  Wall  in  "ford  and  Plymouth,  and  the  base  is  a  fine- 
grained syenite,  passing  sometimes  almost  into  mica-schist.  A  peb- 
ble of  hornblende-schist  is  also  sometimes  seen.  In  bowlders  of  this  con- 
glomerate found  at  Northampton,  Massachusetts,  and  probably  derived 
from  Whately,  the  most  abundant  pebbles  are  those  of  the  brown  sand- 
stone, considerably  metamorphosed  and  flattened.  Those  of  horn- 
blende schist  art  common.  Sometimes  they  are  merely  crystalline  horn- 
blende, not  foliated  generally,  however,  but  mixed  with  some  feldspar, 
and  they  may  become  syenite,  and  are  frequently  pOrphyritic  by  dis- 
tinct crystals  of  feldspar.  The  cement  is  syenite,  often  more  horn- 
blendic  than  usual.  When  the  pebbles  are  highly  crystallized  they 
become  so  incorporated  with  the  matrix  that  it  is  difficult  to  separate 
them  with  a  smooth  surface,  and  if  we  are  not  mistaken  they  pass  in- 
sensibly into  those  rounded  nodules,  chiefly  hornblendic,  so  common  in 
syenite,  especially  that  of  Aseutney.  These  occurrences  are  regarded 
as  proof  that  the  completely  crystalline  granular  matrix  is  a  metamor- 
phfc  rock. 

The  pre-Potsdam  rocks  of  Vermont  are  called  Laurentianor  Hypozoic, 
although  it  does  not  follow  that  they  are  not  equivalent  with  the  fossil- 
iferous  series  elsewhere.  It  is  only  believed  that  if  fossils  once  existed 
in  them  they  have  been  obliterated.  Of  the  Hypozoic  rocks,  Vermont 
contains,  so  far  as  known,  only  a  small  belt,  which  is  the  eastern  edge 
of  an  immense  development  of  the  same  in  New  York.  These  are  re- 
ferred here  because  there  seems  to  be  a  discordance  in  the  stratification 
between  these  rocks  and  the  Lower  Silurian,  to  which  they  are  adjacent. 
The  oldest  of  the  Paleozoic  series  lies  directly  upon  the  Hypozoic  at  least 
at  one  point.  As  we  approach  the  Green  mountains,  metamorphism 
has  so  nearly  destroyed  the  fossils  that  the  identification  of  the  strata 
becomes  extremely  problematical,  until  at  length  the  clue  is  lost  entirely 
and  the  age  of  the  formations  can  only  be  conjectured;  hence  they  are 
distinguished  mainly  by  lithological  grounds  and  are  grouped  into  a 
third  class,  Azoic  rocks.  Probably  most  of  the  Azoic  rocks  of  Vermont 
will  be  found  to  be  inore  recent  than  the  Lauren tian  of  Logan.  The 
fossiliferous  rocks  are  sometimes  found  under  those  that  are  more  crys- 
talline and  uon  fossil  if  erons,  and  these  cases  are  thought  to  be  the  result 
of  inversions.  Certain  great  thicknesses  of  schists  of  uniform  character 
are  regarded  as  folded  several  times  so  as  to  be  vertical,  because  other- 
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wise  the  thickness  of  the  series  would  be  enormous.  The  talcose  con 
glomerates,  talcoid  schists,  Georgia  group,  etc.,  are  referred  to  the 
Potsdam  and  later  formations.  The  Georgia  group  and  sand-rock  may 
be  possibly  Primordial.  The  talcose  conglomerate  is  placed  as  a  con- 
tinuation of  the  Quebec  group  and  Sillery  sandstones  of  Canada.  The 
Taconic  system  is  regarded  as  having  an  extension  into  Vermont,  and 
to  it  are  referred  the  black  Taconian  roofing  slates,  Sparry  limestone, 
magnesian  slate,  Stoekbridge  limestone  and  granular  quartz  rock,  with 
associated  talcose  beds,  the  thickness  of  the  whole  being  25,200  feet. 

It  is  supposed  that  the  chief  action  of  metamorphism  was  in  the 
Laurentian  system  and  the  cases  of  subsequent  thorough  alteration  ex- 
ceptional. The  theory  of  the  Laurentian  age  of  the  Azoic  rocks  of  New 
England  and  that  of  the  Cambrian  age  of  the  Taconic  system  stand  or 
fall  together.  The  Taconic  system  is  regarded  as  older  than  the  Lower 
Silurian  and  newer  than  the  Laurentian,  because  it  underlies  the  Silu- 
rian, because  it  is  immensely  thicker,  and  because  the  fossils  which  it 
contains  are  different  from  those  of  the  Silurian. 

Hitchcock,  (Ohas.  H.),22  in  1861,  gives  a  lithological  treatment  of 
the  Azoic  rocks  of  Vermont.  They  are  divided  into  the  following  groups 
which  are  described  in  detail:  Gneiss,  hornblende-schist,  mica  schist, 
clay-slate,  quartz-rock,  talcose  schist,  serpentine  and  steatite,  and  sac- 
charoid  limestone.  Cleavage  has  a  widespread  occurrence,  although  it 
is  believed  that  the  strike  and  dip  of  lamination  and  stratification  gen- 
erally correspond.  The  granite- gneiss  approaches  so  near  to  granite 
that  in  hand  specimens  the  two  rocks  can  not  be  distinguished  from 
each  other.  The  granite  of  the  two  Aseutneys  seems  to  have  cut  across 
the  strata  of  the  calciferous  mica-schist  quite  a  distance  into  the  gneiss, 
although  the  granite  is  regarded  as  of  metamorphic  origin,  (lay-slate 
often  passes  by  insensible  gradations  into  mica-schist,  which  is  re- 
garded as  a  modified  fragmental  rock.  Associated  with  the  talcose 
schists  and  constituting  an  integral  part  of  the  formation  are  clay-slate, 
gneiss,  quartz-rock,  sandstones,  and  conglomerates.  Igneous  rocks, 
both  trap  and  granite,  are  also  associated  with  this  formation. 

Hitchcock,  (Edward),2*  in  1861,  considers  in  detail  the  relations  of 
the  granitic  to  the  other  rocks  and  considers  the  origin  of  the  granite. 
This  rock  is  found  interstratified  with  slate,  limestones  and  mica-schists 
in  many  localities.  At  the  " Narrows,"  in  the  northern  part  of  Coven- 
try, the  number  of  alternations  is  very  large,  the  thickness  of  the  differ- 
ent layers  of  granite  varying  from  1  to  7  feet. 

The  conglomeratic  syenites  of  Whately,  Massachusetts,  and  Aseutney, 
Granby  and  Barnet,  Vermont,  which  contain  fragments,  are  described 
in  detail.  These  may  be  described  as  conglomerates  whose  cement  is 
syenite,  or  a  syenite  through  which  is  scattered  pebbles  mechanically 
rounded.  Generally  the  pebbles  are  more  or  less  metamorphosed  and 
sometimes  almost  converted  into  syenite  subsequent  to  their  introduc- 
tion.   In  their  present  state  white  quartz,  mica-schist,  hornblende-schist. 
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and  hornblende  have  been  noticed.  At  Asciitney  all  traces  of  stratifi- 
cation in  the  conglomerate  are  lost  and  it  passes  first  into  an  imperfect 
porphyry  and  then  into  a  granite  without  hornblende  in  the  same  con- 
tinuous mass.  Where  the  conglomerate  is  least  altered  it  is  made  up 
almost  entirely  of  quartz  pebbles  and  a  larger  amount  of  laminated 
grits  and  shales,  the  fragments  rounded  somewhat,  and  the  cement  in 
small  quantity.  The  fragments  are  sometimes  metamorphosed  to  mica- 
schist.  The  conviction  can  not  be  resisted  that  the  granitic*  rocks  of 
this  mountain  are  nothing  more  than  conglomerate  melted  down  and 
crystallized.  At  Gran  by  the  bowlders  are  of  all  sizes,  from  a  few  hun- 
dred pounds  to  50  to  00  tons.  They  cover  many  acres,  are  associated 
with  those  of  contorted  mica-slate,  qnartzose  granite,  and  many  other 
varieties  common  in  the  region. 

At  several  localities  in  Vermont,  Oraftsbury,  Northneld,  New  Fane, 
Proctorsville,  and  Stanstead,  just  beyond  the  Canada  line,  is  a  remark 
able  variety  of  white,  fine  grained,  highly  feldspathic  granite  which  con 
tains  scattered  through  its  face  numerous  spherical  or  elongated  and 
somewhat  flattened  nodules  of  black  mica  from  half  an  inch  to  2  inches 
in  diameter.  They  are  usually  more  or  less,flattened  and  have  a  shriv- 
eled appearance  like  dried  fruit.  In  some  cases  the  concretions  occupy 
more  th an  half  the  mass.  These  concretions  have  sometimes  been  called 
petrified  butternuts.  The  rock  is  regarded  as  produced  by  the  meta 
morphism  of  a  stratified  rock. 

Veins  of  granite  are  found  to  cut  syenite,  schist,  gneiss,  and  limestone, 
in  a  most  intricate  manner  at  many  localities.  Sometimes  there  are 
several  generations  of  granite  veins.  The  foregoing  facts  lead  to  the 
conviction  that  the  granite  acts  essentially  like  a  liquid  mass,  but  it  is 
regarded  as  the  product  of  aqueo-igneous  fusion  rather  than  dry  fusion. 
Also  it  is  believed  that  for  the  most  part  the  granites  have  formed  in 
situ,  their  material  being  furnished  by  the  sedimentary  rocks,  hence 
they  are  called  metamorphic.  As  evidence  that  they  are  metamorphic 
is  the  fact  that  it  is  often  difficult  to  tell  where  a  gneiss  ceases  and  a 
granite  begins.  It  is  sometimes  found,  where  granite  masses  come  in 
contact  with  stratified  rocks,  that  the  latter  have  been  more  or  less 
disturbed  and  broken,  but  oidy  to  a  limited  extent  and  often  not  at 
all.  In  many  cases  also  the  adjoining  strata  have  suffered  mechanical 
displacement,  such  as  the  forcible  injection  of  melted  matter  would  pro- 
duce. For  a  considerable  distance  around  the  granitic  masses  also, 
the  strata  are  frequently  indurated  and  metamorphosed  as  if  by  heat,  a 
fact  that  seems  to  decide  the  question  of  the  emanation  of  much  heat 
from  granitic  foci.  The  granites  are  more  abundant  in  the  crystalline 
than  in  the  fossiliferous  series,  in  fact  it  is  uncertain  whether  any  occur 
in  rocks  which  bear  fossils,  although  they  are  found  in  those  which  are 
regarded  as  the  equivalent  of  the  Devonian.  The  granite  is  most  com- 
mon in  gneiss  and  mica-schist,  less  so,  especially  in  the  form  of  veins,  in 
clay-slates,  and  least  of  all  in  talcose  schist.     In   the  stratified  rocks 
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cleavage  and  foliation  occur,  while  joints  are  found  both  in  the  stratified 
and  nnstratitied  rocks. 

Thompson,24  in  1801,  describes  the  greenstone  or  trap  dikes  of  parts 
of  Vermont.  These  are  found  to  cut  all  the  other  rocks  at  many  locali- 
ties. Besides  these  there  occur  calcareous  dikes,  veins  and  dikes  01 
quartz,  and  metallic  veins. 

Hitchcock,  (Charles  H.),25  in  1861,  gives  detailed  descriptions  of 
Sections  in  Vermont*  The  relations  of  the  Ascntney  syenite  to  the 
stratified  rocks  is  again  described.  Upon  examining  the  ledges  im- 
mediately contiguous  to  the  granite,  most  powerful  marks  of  altera- 
tion by  heat  are  found.  Everywhere  in  approaching  the  syenite  it  is 
surrounded  from  a  quarter  to  half  a  mile  with  indurated  schists  that 
ring  like  pot  metal  when  touched  with  a  hammer,  and  the  lime-rock 
that  is  usually  arranged  in  separate  strata,  seems  to  have  become  a 
constituent  part  of  each  stratum,  the  whole  rock  resembling  the  com- 
pact vitrified  quartz  west  of  the  Green  mountains.  Often  crystals  of 
staurotide,  and  perhaps  scapolite,  are  formed  in  the  schist  by  the  heat. 
In  the  west  part  of  the  larger  mountain  there  are  enormous  veins 
crawling  round  in  all  conceivable  directions  in  former  crevices  among 
the  schists.  This  syenite  is  full  of  nodules  of  hornblendic  masses, 
which  look  in  some  cases  much  like  pebbles.  They  are  probably  con- 
cretionary, and  are  all  allied  to  the  concretions  of  black  mica  in  granite 
at  Craftsbnry  and  elsewhere. 

Hall  (S.  R.),26  in  1861,  gives  many  details  as  to  the  geology  of  northern 
Vermont.  The  granites  are  here  particularly  abundant.  The  occur- 
rences are  such  as  to  lead  to  the  conclusion  that  they  are  eruptive  and 
that  in  their  eruptions  the  fragments  which  are  there  contained  have 
been  caught  from  the  strata  cut.  As  evidence  that  the  granite  has 
been  thrown  up  since  the  mica-schists  were  formed  are  cited  the  facts 
that  the  slates  on  the  borders  of  the  granite  furnish  unmistakable  signs 
of  contortion,  and  in  some  instances  of  change  both  in  the  direction  of 
the  strata  and  dip.  In  more  than  one  instance,  granite  is  found  over- 
lying the  calcareous  mica-slates,  and  in  one  instance,  at  Derby,  en- 
crinite  limestone  occurs  below  granite.  In  many  places  jointed  granite 
is  found  between  the  strata  of  slates,  conformable  to  them,  and  in  other 
instances,  in  dike  form,  crossing  the  strata  at  a  large  angle.  Frag- 
ments of  the  older  slates  are,  in  many  places,  found  imbedded  in  masses 
of  granite,  and  retain  the  characteristics  of  the  slates,  without  any 
essential  change.  Nodular  granite,  containing  masses  imbedded  like 
plums  in  a  pudding,  run  from  Memphremagog  lake  through  Derby, 
Brownington,  Irasburg,  Oraftsbury,  and  Calais. 

Hitchcock  (Charles  H.),27  in  1868,  gives  the  following  succession 
for  the  rocks  of  Vermont:  Ilnstratified  rocks,  including  granites,  sye- 
nite, protogine,  with  the  traps  and  porphyries;  Eozoic  system,  includ- 
ing Laurentian  gneiss  of  West  Haven  and  the  Green  mountain  gneiss; 
Paleozoic  system,  in  which  are  placed  the  Georgia  slates,  the  talcose 
conglomerate  and  schists,  the  mica-schists  and  other  formations. 
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Hunt,28  in  1868,  states  that  there  is  no  evidence  of  the  existence  in 
Vermont  of  any  strata,  except  a  small  spur  of  Lanrentian,  lower  than 
the  Potsdam  formation.  The  so-called  middle  and  lower  Taconic  is  in 
part  Potsdam  and  in  part  Utica,  Hudson  river,  and  Quebec. 

McOormtok,29  in  1887,  describes  the  inclusions  in  the  granite  of 
Craftsbury.  The  inclusions  are  spheroidal  or  elongated  nodules  of  bio- 
tite  li  to  2  inches  in  diameter,  and  sometimes  4  inches  long,  cemented 
with  quartz,  which  by  Hitchcock  were  compared  to  butternuts.  The 
line  of  contact  between  the  inclusion  and  the  rock  is  usually  rather  dis- 
tinct, it  being  possible  to  extract  the  former,  leaving  alining  of  biotite. 
It  is  concluded  that  these  nodules  indicate  the  igneous  origin  of  the 
granite  because  not  capable  of  being  formed  from  aqueous  solution  or 
by  metamorphic  action. 

LITERATURE  OF  MASSACHUSETTS. 

Hitchcock  (Edward),30  in  1818,  divides  the  Primitive  rocks  of  a  sec- 
tion of  Massachusetts  on  the  Connecticut  river  into  syenite,  granite, 
argillite,  alternating  with  mica-slate,  siliceous  slate,  and  chlorite-slate. 

Dewey,31  in  1818,  states  that  the  country  of  the  Taconic  range  and 
Saddle  mountain  is  principally  Primitive.  Granite  is  found  on  both 
sides  of  Hoosac  and  Pownal  mountains.  Gneiss  and  mica-slate  are 
found  on  the  Hoosac  and  Saddle  mountains.  The  Taconic  range  is  com 
posed  principally  of  a  talcose  or  soapstone  slate,  but  quartz,  granular 
limestone,  and  argillaceous  slate  are  found.  Quartz  occurs  on  Stone 
hill,  above  which  is  argillaceous  slate.  Granular  limestone  occurs  on 
both  sides  of  the  Hoosac.  Argillaceous  slate  occurs  in  the  valleys  con- 
nected with  the  limestone. 

Dewey,32  in  1820,  finds  the  section  from  the  Taconic  range  at  Wil- 
liamstown  to  the  city  of  Troy  to  consist  of  chlorite  slate,  graywacke, 
and  argillaceous  slate,  this  being  the  order  of  succession.  The  strata 
all  incline  to  the  east  from  10°  to  40°,  the  general  inclination  being  20° 
or  25°. 

Hitchcock  (Edward),33  in  1823,  describes  granite  as  occurring  at 
many  localities  in  the  region  contiguous  to  the  Connecticut  river.  It 
sometimes  shows  a  tendency  to  stratification,  which  at  Southampton  is 
in  beds  in  the  mica-slates,  at  Bellows  falls  grades  into  mica-slate,  and 
frequently  veins  of  it  cut  the  strata.  These  veins  divide  and  subdivide 
like  the  top  of  a  tree.  In  this  region  are  also  found  gneisses,  hornblende- 
slate,  mica-slate,  talcose  slate,  chlorite-slate,  syenite,  primitive  green- 
stone, argillite,  and  limestone,  all  of  which  are  referred  to  the  Primitive. 
The  gneiss  is  the  most  abundant  rock,  and  often  alternates  with  mica- 
slate  and  passes  into  it.  The  dips  of  the  layers  are  from  20°  to  90°  to 
the  east.  At  Hatfield,  by  following  up  the  syenitic  ridge,  a  rock  is 
found  which  contains  numerous  imbedded  masses  of  other  primitive 
rocks,  and  these  imbedded  fragments  are  almost  uniformly  rounded  and 
are  often  so  numerous  as  to  make  the  rock  appear  like  a  real  secondary 
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conglomerate.  Thus  we  have  a  really  conglomeratic  syenite.  The  primi- 
tive greenstones  are  distinguished  from  the  secondary  because  the  lat- 
ter are  more  coarse  and  crystalline. 

Dewey,34  in  1824,  in  a  sketch  of  the  geology  of  western  Massachu- 
setts, divides  the  principal  rocks  into  granite,  gneiss,  mica-slate,  granu- 
lar limestone,  argillaceous  slate,  quartz-rock,  transition  limestone,  and 
graywacke,  mica-slate  being  the  more  abundant  rock.  The  granite  is 
not  stratified,  and  must  he  considered  as  beds  or  veins  rather  than  a 
continuous  rock  like  the  mica-slate.  In  the  town  of  Windsor  is  a  con 
gkmieratic  mica-slate. 

Nash,35  in  1827,  finds  the  rocks  of  Hampshire  county  to  include  gran 
ite,  mica-slate,  micaceous  limestone,  hornblende-rock,  talcose  slate,  Olc 
Red  sandstone,  etc.  The  limestone  often  alternates  with  mica-slate,  am 
frequently  passes  into  it  by  insensible  gradations.  It  is  oftentimes  gar 
netiferous.  The  granite  veins  are  of  all  sizes  up  to  3  or  4  feet,  cut  the 
rocks  in  every  possible  direction,  and  intrude  granite  as  well  as  the 
mica -si  ate. 

Hitchcock  (Edward),36  in  1833,  divides  the  rocks  of  Massachusetts 
into  stratified  and  unstratified.     Below  the  New  Eed  sandstone  in  the 
former   are   graywacke,  argillaceous   slate,   limestone,  scapolite-rocl 
quartz-rock,  mica-slate,  talcose  slate,  serpentine,  hornblende-slate,  aid 
gneiss.    The  unstratified  are  greenstone,  porphyry,  syenite,  and  trap 
each  of  which  is  discussed.     Among  the  agents  which  have  consolidate! 
the  rocks  heat  is  the  predominant  one,  although  chemical  action  hi 
played  an  important  part.     The  mica-slates  have  been  mechanically} 
deposited  in  water,  and  subsequently  subjected  to  such  a  degree  i 
heat  as  to  enable  their  materials  to  enter  into  a  crystalline  arrangemem 
without  destroying  their  structure.     The  granite  is  supposed  to  have; 
resulted  from  the  melting  down  of  other  rocks.     Where  it  is  completely 
melted,  granite  results;  where  partially  fused,  granite-gneiss  is  found 
while  another  portion  might  be  converted  into  porphyritic  gneiss  am 
another  into  schistose  rock.     This   theory  explains  the  gradation  o 
gneiss  into  granite  and  the  crystalline  and  porphyritic  structure  of  the 
gneiss.     The  unstratified  rocks  are  all  igneous.     They  occur  in  irregu 
lar  protruding  masses  in  the  forms  of  veins  of  various  sizes  and  as 
overlying  masses.     In   cases  in  which    they  exist  interstratified  witlK 
other  rocks,  an  examination  shows  that  such  interlaminated  inassei 
are  always  connected  with  an  unstratified  mass,  and  are  merely  vein! 
which  tor  a  time  coincide  in  direction  with  the  strata.     The  syenite 
quarries  of  Sandy  bay,  cape  Ann,  have  a  jmrallel  lamination,  but  as 
these  grade  into  an  unstratified  syenite  they  are  considered  as  examples 
of  concretionary  structure  on  a  large  scale  rather  than  as  a  result  oi 
real  stratification. 

Hitchcock  (Edward),37  in  1841,  in  a  systematic  account  of  the 
Geology  of  Massachusetts,  divides  the  rocks  below  the  New  Red  sand- 
stone into  the  following  classes:  Graywacke,  lnetamorphic  slates,  argil 
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laceous  slate,  limestone,  quartz  rock,  mica-slate,  talcose  slate,  serpen- 
tine, hornblende- slate,  gneiss,  greenstone,  porphyry,  syenite,  and  granite. 
Prom  the  graywacke  to  the  gneiss,  this  is  the  order  of  occurrence, 
rhc  greenstone,  porphyry,  syenite,  and  granite  are  regarded  as  erup 
tive.  At  Bellingham  is  a  remarkable  metamorphie  rock,  which  is  a 
listinct  mica-slate  and  a  no  less  distinct  conglomerate.  In  this  for- 
mation is  also  placed  aggregates  of  porphyry,  which  is  a  coarse 
breccia  or  conglomerate,  chiefly  made  up  of  fragments  of  porphyry 
reunited  by  a  cement  of  the  same  material,  and  sometimes  almost 
reconverted  into  a  compact  porphyry.  Flinty  slate,  chert,  and  jasper 
ire  simply  the  ordinary  slate  which  have  been  changed  to  their  unusual 
condition  by  the  proximity  of  granite,  porphyry,  or  trap.  The  clay- 
Sate  is  entirely  destitute  of  organic  remains,  as  is  also  the  graywacke. 
rhe  limestones  are  water- deposited  stratified  rocks  metamorphosed 
by  heat.  The  mica-slate  is  generally  associated  with  gneiss,  but  also 
occurs  associated  with  all  other  rocks  at  least  as  high  as  the  argillaceous 
date.  Hornblende-schist  and  greenstone-slate,  a  single  formation,  are 
tentatively  regarded  as  metamorphosed  from  ordinary  argillaceous  rock 
by  the  action  of  heat.  Gneiss  is  often  much  folded  and  curved,  is  cut 
by  veins  of  other  rocks,  but  is  regarded  as  generally  regularly  stratified. 

At  Whately  occurs  a  peculiar  conglomeratic  syenite.  The  syenite  is 
|eherally  found  between  the  granite  and  metamorphie  rocks  and  may 
be  due  to  the  conversion  of  the  granite  into  syenite  or  else  to  the  erup- 
tion of  the  syenite  at  a  different  epoch.  The  pseudo- stratification  of 
o-ranite  is  regarded  as  due  to  concretionary  action  on  a  gigantic  scale. 
The  granite  cuts  and  is  interstratined  with  all  the  stratified  rocks  and 
pertain  of  the  other  eruptives  in  the  most  intricate  fashion. 

In  Massachusetts  are  six  systems  which  are  unconformable  and  suc- 
ceed each  other  in  age.  These  are  as  follows:  The  Oldest  Meridional 
system,  the  Northeast  and  Southwest  system,  the  East  and  West  sys- 
tem, Hoosac  mountain  system,  the  Red  Sandstone  system,  the  North- 
west and  Southeast  system.  In  western  Massachusetts,  from  Hoosac 
mountain  to  the  Taconic  range,  a  powerful  force  has  folded  the  strata 
so  that  in  many  cases  they  have  actually  been  reversed. 

Lyell,38  in  1844,  describes  the  plumbago  and  anthracite  in  the 
mica-schist  near  Worcester.  This  is  in  the  immediate  neighborhood  of 
masses  of  granite  and  syenite,  the  character  of  the  plumbago  and 
anthracite  being  due  to  this  local  metamorphosing  effect  and  to  more 
general  chemical  or  plutonic  action.  The  difference  in  dip  of  these  rocks 
from  the  nearest  Carboniferous  of  Rhode  Island  and  Massachusetts 
is  no  evidence  that  they  are  not  equivalent  and  the  graphite  meta- 
morphosed organic  material. 

Rogers,39  in  1857,  describes  Trilobites  belonging  to  the  Paradoxides 
as  occuring  in  the  metamorphie  beds  of  eastern  Massachusetts  at  Brain- 
tree,  which  shows  that  these  ancient  and  highly  altered  sediments  are 
the  base  of  the  Paleozoic  column. 


364  PRE-CAMBRIAN    ROCKS    OF    NORTH    AMERICA.  [buu.sg.; 

Hitchcock,  (C.  H.),40  in  1859,  describes  the  rocks  from  Greenfield  to 
Claremont,  Massachusetts,  as  having  the  following  order:  Micaceous 
slates  and  schists  interstratified  with  siliceous  limestone,  mica-slate 
hornblende-slate,  mica  slate  interstratified  with  limestone,  and,  lastly, 
calcareo-mica  slate,  The  dips  as  far  as  the  West  Sbelburne  falls  gneiss 
are  to  the  east;  at  this  latter  point  it  is  to  the  west.  The  whole  is  re 
garded  as  an  anticline. 

Gregory,41  in  1862,  describes  Marblehead  as  consisting  mainly  o 
the  Primitive  formation.  The  northern  part  of  the  peninsula  is  green 
stone,  intersected  by  dikes  of  the  same  rock.  In  the  southern  section 
syenite  contends  with  the  greenstone  for  supremacy,  for  here  the  twq 
rocks  are  thoroughly  in  term  i  n  gled.  The  deposits  of  greenstone,  sye  1 1  i  te, 
and  porphyry  are  for  the  most  part  distinct,  although  occasionally  the 
greenstone  grades  into  the  syenite, 

Jackson,42  in  1806,  gives  the  following  section  at  the  base  of  Sootlr 
mountain,  at  Chester,  Massachusetts,  from  the  base  upward:  Horn! 
blende  rock,  magnetic  iron  ore, emery  bed,  granular  quartzite,  chlorite-" 
slate  and  talc-slate,  crystallized  talc,  talcose  slate  rock,  soapstone  or 
talcose  rock,  mica-slate.  At  North  mountain,  separated  from  South 
mountain  by  a  branch  of  the  Westville  river,  the  section  is  as  follows: 
hornblende  rock,  magnetic  iron  ore,  emery  7  feet,  hornblende  rocM 
chlorite-slate,  magnetic  iron  ore  6  feet,  talcose  slate,  magnetic  iron  ore 
6  feet,  mica- slate, 

Shaler,43  in  1871,  in  a  consideration  of  the  rocks  in  the  vicinity  of! 
Boston,  states  that  there  can  be  no  doubt  that  the  syenites  of  eastern-; 
Massachusetts  are  the  oldest  rocks  found  in  the  region.     The  quarriea 
at  Quincy  show  planes  of  separation  in  the  syenite  which  can  be  only 
referred  to  stratification,  despite  the  opinion  generally  entertained  that' 
the  rocks  are  of  igneous  origin.     This  is  evidenced  by  the  fact  that  in  the I 
deeper  portions  of  the  syenite  the  bedding  is  imperfect  and  gradually, 
passes  toward  the  exterior  of  the  rock  into  a  more  laminated  phase.  < 
The  first  rocks  of  unquestionably  sedimentary  origin  lie  north  of  Quincy 
and  consist  of  bedded  sandstones  approaching  quartzite.     This  series 
is  fossiliferous.    The  alteration  of  the  bedded  quartzite  at  HaywarH 
landing  is  so  great  that  the  rock  has  assumed  something  of  the  appear- 
ance of  a  gneiss.     In  addition  to  these  rocks,  in  the  vicinity  of  Boston 
are  the  Koxbury  conglomerate  and  the  Cambridge  slates.     In  the  lat 
ter  are  found  evidences  of  organic  life   in  the  presence  of  numerous  in-  ^ 
distinct   impressions  of  fueoids.     It  is  believed   that  the   Cambridge 
slates  and  the  Koxbury  conglomerate  belong  to  the  same  gTeat  series 
of  beds.     As  there  is  a  coincidence  in  the  direction  of  dip  it  is  thought 
they  all  may  eventually  be  found  to  be  a  part  of  the  same  series  of  beds 
as  the  Braintree.     The  slates  have  a  perfect  cleavage  in  the  plane  of 
stratification  in  some  places.     Over  both  the  slates  and  conglomerates 
are  outflows  of  amygdaloid. 

Jackson,44  in  1871,  states  that  there  is  an  insensible  passage  from 
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;hesyen  te  into  the  greenstone  porpbyry.  The  obscurely  stratified  rocks 
>u  the  border  of  the  great  syenite  mass  at  Quincy  prove  the  igneous 
nfluence  of  the  eruptive  syenite  upon  the  upturned  strata  which  it  had 
elevated  by  its  protrusion. 

Dana,45  in  1872,  maintains  from  the  descriptions  of  full  sections  that 
it  Great  Barrington  is  a  conformable  succession  of  quartzites,  lime- 
stones, mica- schists  and  gneisses.  The  layers  of  quartzite  are  found 
ilong  the  strike  to  change  to  mica-schist  and  gneiss.  This  series,  many 
if  them  later  in  age  than  the  Stockbridge  limestone,  is  similar  to  the 
Irreen  mountain  series,  which  has  been  regarded  on  lithological  evidence 
:o  be  pre- Silurian.  The  Stockbridge  limestone,  on  fossiliferous  evidence, 
s  found  to  be  either  Silurian  or  younger.  It  appears  that  lithological 
evidence  is  a  very  uncertain  test  as  to  geological  age,  as  crystalline 
•ocks  are  found  later  than  the  Stockbridge  limestone;  as  quartzite 
•hanges  into  mica-slate,  schist  or  gneiss,  these  into  hydromica-slates, 
tnd  these  into  chloritic  mica-slate. 

Hunt/6  in  1872,  states  that  the  rocks  seen  in  the  vicinity  of  Boston 
consist  of  three  classes,  crystalline  stratified  rocks,  eruptive  granites, 
tnd  unaltered  slates,  sandstones,  and  conglomerates.  The  crystalline 
Gratified  rocks  include  the  felsite-porphyries,  nonporphyritic  and  jas- 
ler-like  varieties,  and  porphyri tic  syenite ;  while  the  second  division  in- 
■  hides  dioritic  and  chloritic  rocks,  sometimes  schistose,  and  frequently 
imygdaloidal.  These  rocks  are  penetrated  by  intrusive  granites,  gen- 
erally more  or  less  hornblendic,  the  syenites  of  Hitchcock,  and  others. 
\f  several  places  the  phenomena  of  disruption  and  inclosure  of  broken 
ragments  of  rock  in  the  granite  are  well  seen,  the  lines  of  contact  be- 
ng  always  sharp  and  well  defined.  The  third  class,  consisting  of  the 
in  altered  argil  lites  of  Brain  tree,  containing  the  Primordial  fauna,  were 
bnnd  to  rest  directly  upon  the  hard  porphyritic  felsite  of  the  ancient 
ieries,  the  line  of  demarcation  being  very  distinct.  At  other  places 
eddish  granulites  directly  underlie  the  black  argillites,  and  in  several 
)laces  quartzites  with  conglomerates  are  observed  in  contact  with  the 
>ld  dioritic  and  epidotic  rocks.  The  Koxbury  conglomerate  contains 
)d)b]es  of  the  felsite-porphyries,  diorites,  and  intrusive  granites  of  the 
pier  series,  besides  fragments  of  argillaceous  slate. 

Burbank,47  in  1872,  states  that  the  bands  of  crystalline  limestone 
hat  occur  in  the  granitic  gneiss  which  extends  in  a  southwesterly  di- 
•eetion  from  near  the  mouth  of  the  Merrimac  river,  supposed  to  contain 
Sozoon,  are  not  true  stratified  rocks,  but  are  subsequent  deposits  of  a 
fein-like  character.  As  evidence  of  this  are  cited  the  facts  that  the 
principal  deposits  occur  along  the  line  of  an  anticline,  filling  cavities 
produced  by  the  folding  and  falling  down  of  portions  of  the  included 
strata  of  the  gneiss.  The  deposits  are  all  of  very  limited  extent,  the 
largest  appearing  at  the  surface  not  more  than  220  feet  in  length,  the 
ridest  pari  being  about  00  feet.  The  aggregate  length  of  all  the  lime- 
stone deposits  occurring  in  a  line  some  25  miles  in  length  is  probably 
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less  than  1,000  feet.  The  principal  masses  are  coarsely  crystalline 
magnesian  limestones,  homogeneous  in  texture,  and  showing  no  traces 
of  stratification.  The  various  silicates  occur  attached  to  or  near  the 
inclosing  walls  of  the  cavities. 

Dodge,48  in  1875,  divides  the  rocks  of  eastern  Massachusetts  into 
two   groups,  the  crystallines  and  the  more  clearly   stratified  rocks 
among  them.     In  the  crystallines  are  placed  the  syenite  and  greenstone.  I 
These  rocks  have  a  dip  to  the  west  or  northwest,  and  they  uncou- 
formably  underlie  strata   holding  Paradoxides.     For  the  most  part 
metamorphism  has  been  so  complete  that  the  rocks  have  entirely  lost 
their  original  character.    While  eruptive  rocks  have  often  an  appear- 
ance of  schistose  structure,  in  metamorphic  syenites  and  diorites,  on  I 
the  other  hand   the  original    stratification  is  often  completely  lost. ! 
Throughout  the  crystalline  area  there  are  immense  masses  of  horn- 
blende  rock,  diabase,  and  diorite,  usually  crypto- crystalline,  in  which 
no  indication  of  sedimentary  origin  can  be  traced.     The  syenites  con-l 
sist  of  quartz,  feldspar,  with  little  or  no  hornblende.     The  porphyry  I 
probably  belongs  with  the  crystalline  group,  and  pebbles  of  it  are  j 
abundant  in  the  Brighton  conglomerates.     Perhaps  some  of  the  slates  I 
are  so  altered  in  this  region  as  to  resemble  real  porphyry. 

Among  the  second  division  are  siliceous  slates  and  breccias.  The  | 
siliceous  slates  are  often  much  contorted.  At  Arlington  they  pass  j 
through  fine  grits  and  coarse  syenites  by  various  stages.  The  crystal- 
lines occupy  distinct  bands,  separated  by  more  recent  rocks  collected  I 
in  the  area  between  them.  These  more  recent  rocks  are  shown  to  bel 
such  by  their  position  in  relation  to  the  underlying  crystallines,  as  well  J 
as  by  the  fact  that  they  are  composed  of  detritus  of  the  latter.  In  | 
places  they  are  fossiliferous,  and  at  Braiutree  contain  the  Paradoxides! 
fauna.  These  stratified  rocks  are  in  part  slates  and  in  part  conglonJ  j 
erates,  the  former  appearing  to  occupy  the  inferior  position.  The  con- 
glomerates are  well  developed  in  the  vicinity  of  Newport  and  Newberry.  1 
Cutting  the  slates  and  conglomerates  are  rocks  which  have  been  called  j 
eruptives,  but  so  close  is  the  resemblance  in  chemical  and  mineral  com-  j 
position  and  in  appearance  to  the  more  fusible  portions  of  the  erys-  I 
tallines  that  it  seems  almost  unreasonable  to  doubt  that  the  former  I 
were  derived  from  many  deep  lying  masses  of  the  latter. 

Crosby,49  in  1876,  describes  and  maps  the  Eozoic  rocks  of  Massachu- 1 
setts.     They  are  divided  into  Norian,  Huronian,  and  Montalban  onl 
lithological  and  chronological  grounds.     The  lithological  characters  of- 
the  divisions  are  as  unlike  as  the  fauna  of  any  two  successive  geolog-  * 
ical  formations.     The  Norian  is  found  in  two  areas  in  Massachusetts;  J 
that  including  the  city  of  Salem  and  adjacent  region,  and  that  which 
includes  the  seaward  end  of  large  Nahant.     The  Norian  rocks,  com- 
posed chiefly  of  feldspar,  hornblende,  and  pyroxene,  are  sometimes 
stratified  and  in  other  places  massive.    The  Huronian  rocks  occur 
over  a  wide  area,  having  an  extreme  length  of  65  miles  and  an  extreme 
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Badth  of  aboul  40  miles.  The  Huronian  comprises  areas  marked  on 
Lie  geological  map  of  Hitchcock  as  syenite,  porphyry,  and  hornblende- 
late.  The  rocks  here  included  are  treated  under  hornblendic  granite, 
Kite,  diorite,  stratified  rocks,  arid  limestones,  all  of  which  are  regarded 
I  metamorphosed  sedimentary  beds.  The  Montalban  includes  granite, 
rhicli  comprises  exotic,  indigenous  and  endogenous  forms,  gneiss,  mica- 
late,  argillite,  and  limestone.  Most  of  the  slates  in  the  vicinity  of 
>oston  are  regarded  as  of  Primordial  age,  although  fossils  hav£  only 
een  found  at  Braintree.  The  argillite  of  Kents  island  and  the  meta- 
lorphic  slate  of  Newport  are  also  regarded  as  Paleozoic. 
Burbank,50  in  1876,  lithologically  divides  the  formations  of  the 
Nashua  valley  into  (1)  argillite;  (2)  mica-slate  and  quartzite;  (3) 
raiiite  and  granitoid  gneiss.  With  the  argillite  and  mica-slate  are 
mall  beds  of  conglomerate,  and  inclosed  in  the  gneiss  are  nodular 
lasses  of  crystalline  magnesian  limestone.  In  the  slates  at  Harvard 
ud  Bolton  occurs  conglomerate  in  which  the  pebbles  in  many  cases 
re  flattened,  bent,  and  even  drawn  out  into  layers,  giving  an  agate  - 
ke  structure  to  the  rock.  The  principal  conglomerate  beds  lie  between 
ills  of  granite  on  the  west  and  north  and  mica-slate  and  gneiss  on  the 
mth,  yet  not  a  pebble  of  granite  or  gneiss  has  been  discovered.  As 
)  the  age  of  the  Nashua  rocks  no  positive  opinion  is  offered,  but  the 
uthor  is  inclined  to  regard  them  as  belonging  to  a  distinct  system 
kler  than  the  Wachusett  gneiss.  The  mica-slate  appears  to  be  inter - 
}ratilied  with  and  overlie  the  gneiss,  and  the  argillite  beds  appear  to 
e  for  the  most  part  conformable  with  the  mica-slate. 
Dana,51  in  1877,  maintains  that  the  garnetiferous  mica  slate,  stauro- 
tic  slate,  mica-schist,  gneiss,  and  quartzite  of  Bernardston  are  Helder- 
erg,  on  the  ground  that  in  these  rocks  are  found  fossils  indicating  this. 
Wadswobth,52  in  1879,  describes  the  felsites  of  Marblehead  neck  as 
tered  rhyolites,  which  show  characteristic  fluidal  structure.  These 
lsites  are  not  stratified,  and  are  younger  than  the  granite  on  the  neck, 
5  dikes  of  felsite  are  seen  cutting  it.  There  is  no  passage  of  the  con- 
iomerate  into  the  felsite  in  this  locality. 

Crosby,53  in  1880,  divides  the  Azoic  formations  of  eastern  Massa- 
chusetts into  Nangus  head,  Huronian,  and  Montalban,  these  terms 
ing  used  on  account  of  a  lithological  and  strati  graphical  resemblance 
hich  they  bear  to  the  Azoic  divisions  of  other  regions.  The  Naugus 
ad  is  provisionally  regarded  as  equivalent  to  Hunt's  Norian  (although 
contains  no  labradorite),  as  older  than  the  Huronian,  and  the  Hiiro 
an  older  than  the  Montalban.  The  entire  Naugus  head  formation 
jlnis  to  have  been  plastic,  and  the  extravasation  has  been  so  exten- 
ve  that  the  character  of  the  rocks  changes  at  nearly  every  rod  to  varic- 
es regarded  as  composed  of  metamorphosed  stratified  rocks.  The 
augus  head  series  has  been  extensively  extravasated  through  the  super- 
cent  Huronian  formation,  but  is  x>enetrated  by  nothing  foreign  to  itself, 
ie  Huronian  granite  being  never  found  to  cut  the  Naugus  head  series, 


368  PRE-CAMBRIAN    ROCKS    OF    NORTH    AMERICA.  [bull.  86 

from  which  the  .conclusion  is  formed  that  the  Xaugus  head  is  older  thai 
the  Huronian.  In  fact,  the  Huronian  granite  pierces  every  rock  in  tin 
region  save  the  Naugus  head  series  and  the  newer  uncrystallines,  s( 
that  it  can  not  be  doubted  .that  it  overlies  this  ancient  terrane.  TM 
latter  must  be  regarded  as  the  lowest,  and  hence  the  oldest  member  o: 
the  succession. 

The  Huronian  is  principally  composed  of  granite,  petrosilex,  diorite 
hornblendic  gneiss,  and  limestone,  this  being  the  order  of  age  from  tq 
base  upward.  The  petrosilex  is  the  most  characteristic  rock.  In  tin 
Huronian  distinctly  bedded  rocks  are  the  exception.  Although  manf 
apparently  structureless  rocks  are  probably  really  stratified,  it  is  un 
doubtedly  true  that  a  large  part,  perhaps  the  greater  part,  of  the  forma 
tion  has  been  more  or  less  fluid,  and  extravasation  maybe  set  down  a? 
a  characteristic  structural  feature.  Besides  cutting  various  rocks,  in 
the  granite  at  many  points  at  the  contact  with  the  mica-slates  aw 
found  angular  fragments  of  the  latter.  The  induration  of  the  slate  and 
conglomerate  at  points  where  they  adjoin  the  granite,  with  the  frequenl 
development  of  amygdaloid  characters,  are  facts  which  tell  strongly  ir. 
favor  of  the  igneous  character  of  the  granite.  The  petrosilex  is  fre- 
quently cut  by  the  granite,  but  the  reverse  is  never  the  case.  There  is 
an  apparent  transition  between  the  granite  and  the  petrosilex  or  por- 
phyry. The  two  are  regarded  as  conformable,  both  having  been  meta- 
morphosed from  the  same  set  of  sediments,  the  more  crystalline  chara< 
ter  of  the  granite  being  due  to  its  greater  depth.  With  the  diorite  i 
included  all  the  basic  rocks  which  have  been  fluid.  These  blend  with 
and  grade  into  the  stratified  hornblende-gneisses. 

The  Montalban  series  in  the  area  covered  is  the  most  important 
the  three  systems.  It  comprises  the  ascending  conformable  succession, 
granite,  gneiss,  mica-slate,  argillite.  and  limestone,  although  subordi- 
nate breaks  of  no  great  importance  occur.  The  granite  acts  as  an 
exotic  to  a  large  degree,  although  it  is  believed  to  belong  with  and 
come  from  the  endogenous  metamorphic  granite  at  the  base  of  the 
series.  The  exotic  granite  has  sometimes  cut  rocks  as  new  as  the  Car- 
boniferous. Granite  grades  into  gneiss,  the  gneiss  into  mica-slate,  and 
the  mica-slate  into  argillite,  in  which  are  found  the  conglomerate 
bands.  In  these  conglomerates  in  many  cases  the  pebbles  have  been 
flattened,  bent,  and  even  drawn  out  into  lenticular  layers,  developing 
a  schistose  structure.     One  of  the  best  localities  is  that  at  Bellingham. 

The  Shawmut  group  is  a  fragmental  series  resting  un  conform  ably 
upon  the  Huronian  terranes.  The  chief  constituents  of  the  Shawmut 
group  are  breccia  and  amygdaloids,  the  relations  of  which  are  some- 
what uncertain.  The  petrosilex  breccia  of  the  Shawmut  group  are 
oftentimes  very  like  the  petrosilex  of  the  Huronian.  This  group  is  per- 
haps equivalent  to  the  copper-bearing  rocks  of  lake  Superior  which 
they  resemble  lithologically.  T^he  Paleozoic  formations  form  diflere 
troughs  which  rest  unconformably  upon  the  older  series. 
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Diller,54  in  1881,  describes  the  felsites  and  their  associated  rodks 
north  of  Boston.  The  granite  is  found  to  contain  fragments  of  dis- 
tinctly stratified  rocks,  and  is  regarded  as  an  eruptive  rock.  The  Id- 
sites  are  found  to  have  all  the  microscopical  characteristics  of  eruptive 
rocks;  to  cut  both  the  stratified  rocks  and  the  granites;  to  show  no 
transitions  into  tin1  clastic  rocks,  and  are  regarded  as  eruptives.  The 
diorites  contain  distinct  fragments  of  the  granites  and  felsites,  cut 
across  the  bedding  of  the  stratified  quartzites  and  schists,  and  are  erup- 
tives of  later  age  than  the  granite  and  felsite.  The  framgental  rocks 
are  in  part  older  and  in  part  younger  than  the  felsites,  as  a  portion  of 
them  is  cut  by  the  felsites  while  certain  conglomerates  contain  frag- 
ments derived  from  the  felsites. 

Wadsworth,55  in  1882,  states  that  the  Quincy  granite  is  eruptive, 
as  is  shown  by  the  fact  that  its  junction  with  the  slate  is  irregular. 
Along  the  contact  the  latter  rock  is  greatly  indurated  and  changed  in 
color,  and  the  granite  has  lost  its  distinctive  characters,  being  trans- 
formed into  a  spherulitie  quartz-porphyry. 

Wadsworth,56  in  1882,  describes  as  a  trachyte  at  Marblehead  neck 
and  having  all  the  characteristics  of  this  eruptive  rock,  a  rock  which 
Crosby  has  described  as  a  sandstone  or  arenaceous  slate. 

Wadsworth,57  in  1884,  describes  the  relations  of  the  argillite  and 
conglomerate  of  the  Boston  basin.  At  the  junction  of  the  two  the 
argillite  is  found  to  be  irregularly  eroded  and  the  conglomerate  laid 
down  unconformably  over  it;  in  places  the  argillite  is  cut  off  and  the 
conglomerate  abuts  unconformably  against  it,  and  pebbles  of  the  argil- 
lite are  found  in  the  conglomerate  at  the  junction.  There  are  at  least 
two  distinct  argillites.  One,  underlying  the  conglomerate  at  Beacon 
street,  resembles  that  of  the  Paradoxides  argillite  at  Braintree;  the 
other,  of  a  coarser  grain,  oftentimes  a  true  sandstone  as  far  as  its  rela- 
tions have  been  ascertained,  is  a  component  part  of  the  Roxbury  con- 
glomerate. So  far  as  any  evidence  is  at  hand,  the  oldest  surface  rocks 
in  the  basin  are  the  argillites  and  schists.  Of  these  the  age  of  only  a 
small  area  at  Braintree  carrying  Paradoxides  is  known.  Through  the 
schists  and  argillites  have  been  protruded  immense  quantities  of  erup- 
tive rocks  in  the  forms  of  lava  Hoavs,  ashes,  dikes,  and  bosses. 

Perry,58  in  1885,  states  that  the  mica-schist  at  Worcester  contains  a 
jpal  seam,  and  bears  fossils  of  Carboniferous  age.  The  mica-schist  is 
;ut  by  granite. 

Jtjlien,51*  in  18S7,  describes  the  succession  of  rocks  in  the  Great  Bar- 
ington,  from  the  base  upward,  as  consisting  of  Stockbridge  limestone, 
schist  or  gneiss,  quartzite,  and  dolomite.  The  proof  that  tin1  dolomite 
>ccupies  a  distinct  bed  at  a  higher  horizon  from  the  main  sheet  is  clear. 
Emerson,60  in  1887,  describes  the  succession  of  crystalline  rocks  in 
[lampsh ire  county,  in  order  of  their  age  from  the  base  up,  as  gneiss, 
eldspathic  mica-schist,  hornblende-schist,  hydromica  schist,  and  calcil- 
Bull.  80 24 
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erous  mica-schist.     Granite  and  syenite  are  placed  as  eruptive  rocks  of 
the  older  series. 

Crosby,61  in  1888,  maintains  that  there  are  no  Carboniferous  beds  in 
the  Boston  basin;  that  it  contains  essentially  one  formation  of  conglom- 
erate and  one  formation  of  slate;  that  these  sediments  include  the 
Paradoxides  bed  at  Braintree,  are  conformable,  and  therefore  are  Pri- 
mordial or  at  least  of  Cambrian  age;  that  the  conglomerate  underlies 
the  slate.  The  pebbles  of  the  conglomerates  are  made  up  of  crystalline 
rocks  of  the  regions  adjacent.  The  contacts  of  the  conglomerate  and 
felsite  are  always  well  defined,  and  fragments  of  the  latter  are  always 
contained  abundantly  in  the  former.  The  same  relations  hold  between 
the  granites  and  conglomerates.  The  conglomerates  and  slates  have 
often  a  well  developed  cleavage,  which  frequently  cuts  across  the  bed- 
ding, although  in  places  where  the  folding  has  been  intense  the  two 
correspond.  The  discordance  is  shown  by  bands  of  the  conglomerate 
cutting  across  the  cleavage. 

Shaler,62  in  1889,  describes  cape  Ann  as  consisting  mainly  of  gran- 
ite1, which  is  cut  by  very  numerous  dikes  of  diabase  and  quite  abun- 
dant ones  of  quartz  porphyry.  Squam  river  is  an  area  of  diorite.  The 
relative  age  of  the  granite  and  diorite  has  not  been  determined. 

Emerson,63  in  1890,  describes  the  Bernardston  series  of  rocks.  The 
succession  is  here  found  to  consist  of  fourteen  members.  From  above 
downward  the  upper  seven  consist  of  alternations  of  mica-schist  and 
hornblende-schist,  after  which  follow  quartzite,  hornblende-schist,  and 
magnetite,  limestone,  hornblende-schist,  quartzite-conglomerate,  argil- 
lite,  and  ealciferous  mica  schist.  The  whole  series  is  very  crystalline, 
some  parts  so  thoroughly  so  as  to  have  been  compared  by  Hitchcock 
with  the  Bethlehem  gneiss,  his  ba seinent  Lauren  ti  an.  In  the  limestones 
fossils  are  found  of  such  a  character  as  to  prove  that  the  whole  series 
is  Upper  Devonian. 

Emerson,64  in  1890,  describes  the  rocks  of  central  Massachusetts, 
between  the  Berkshire  limestone  and  the  Boston  basin,  as  consisting  of 
a  series  of  mica-schists,  quartz  schists,  and  hornblende-schists,  pre- 
sumably Paleozoic,  and  eight  bands  of  granite  and  granitoid  gneiss, 
in  small  part  Archean,  in  larger  part  Cambrian,  and  in  largest  part 
intrusive.  In  the  western  part  is  a  small  row  of  Archean  ovals,  about 
which  are  the  Cambrian  conglomerates  and  conglomerate-gneisses,  the 
latter  rocks  having  a  quaquaversal  arrangement.  Here  are  included  1 
the  Princeton  and  Athol  granites,  often  well  foliated,  which  have  a  great 
extent  north  and  south.  To  the  great  intrusive  masses  of  granite  is 
applied  Suess's  name  batliolites.  These  have  melted  their  way  through 
a  great  thickness  of  folded  strata  and  absorbed  much  of  the  latter  in 
their  own  mass.  At  times  the  central  masses  of  granite  are  cut  by 
dikes  of  coarse  rauscovite-granite  which  seem  to  be  later  intrusions. 
About  the  batliolites  are  broad  areas  in  which  contact  metamorphism 
has  altered  the  rocks,  changing  the  argillites  to  mica-schists,  etc.     The 
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contact  tnetamorphism  has  a  zonal  character.  The  Banc  and  Orange 
bands  of  biotite-granite  so  combine- the  peculiarities  of  the  Cambrian 
conglomerate-gneisses  and  the  batholitic  gneisses  that  no  opinion  is 
expressed  as  to  their  origin. 

Pumpelly,65  in  1891,  describes  Cambrian  quartzite  as  resting  nn. 
conformably  upon  granitoid  gneiss  at  Clarksburg  mountain.  In  the 
granitoid  gneiss  is  found  a  dike  which  has  been  decayed  and  washed 
out  before  the  qnartzite  was  deposited,  leaving  a  fissure  which  caused 
the  beds  of  qnartzite  to  thicket)  and  sag,  and  which  contain  at  the  bot- 
tom material  derived  from  the  dike.  On  Hoosac  mountain  there  is 
a  core  of  granitoid  gneiss,  upon  which  rests  unconformably  at  the  axis 
coarse  basal  conglomerate  with  a  sharp  contact.  In  other  places  there 
is  an  apparent  gradation  between  the  metamorphosed  conglomerate 
and  the  granitoid  gneiss.  This  Cambrian  qnartzite- con  glomerate  is 
found  to  vary  laterally  in  the  legs  of  the  fold  into  comrdetely  crystal- 
line white  gneiss.  The  Cambrian  formation,  containing  Olenellus 
fauna,  mantles  around  the  pre-Cambrian  granitoid  gneiss,  and  the 
whole  mountain  is  an  overturned  fold. 

Pumpelly,66  in  1889,  gives  a  systematic  general  account-of  the  Green 
mountains  in  Massachusetts.  These  include  three  principal  elements, 
Hoosac  mountain,  the  Taconic  range,  and  the  great  valley  between 
these.  The  mountain  rocks  are  composed  of  crystalline  schists,  which 
are  found  to  be  of  Cambrian  and  Lower  Silurian  age,  resting  on  pre- 
Cambrian  rocks.  The  valley  has  a  floor  of  crystalline  limestone  or  sac- 
charoidal  marble,  on  which  are  ridges  of  schists,  both  being  of  Lower 
Silurian  age.  The  Taconic  range  is  a  synclinal  in  the  Lower  Silurian 
schists,  the  limestone  foundation  appearing  only  at  its  base.  At 
Hoosac  mountain  the  succession  is  (1)  granitoid  gneiss;  (2)  quartzite- 
con  glomerate  and  white  gneiss;  (3)  Hoosac  phyllite,  and  (4)  Rowe  schist. 
On  Greylock  the  succession  is  (1)  Stockbridge  limestone;  (2)  Berkshire 
phyllite;  (3)  Bellowspipe  limestone,  and  (4)  Greylock  phyllite.  At 
Hoosac  mountain  the  quartzite-conglomerate  and  white  gneiss  appear 
to  grade  down  into  the  granitoid  gneiss  in  perfect  conformity.  At 
Stamford  a  basic  dike  was  discovered  which  cuts  the  granitoid  gneiss, 
but  stops  abruptly  at  the  quartzite.  Indeed,  the  qnartzite  sags  down 
at  this  place,  its  layers  thickening  and  filling  the  hollow.  These  rela- 
tions are  considered  definite  proof  of  an  unconformity  between  the 
granitoid  gneiss  and  the  quartzite.  The  general  transition  between  the 
two  is  explained  by  considering  the  granitoid  gneiss  as  disintegrated 
at  the  time  of  the  transgression  which  formed  the  quartzite.  The 
quartzite-conglomerate  and  white  gneiss  are  traced  into  each  other  lat- 
erally, and  are  therefore  but  different  forms  of  a  sediment  of  the  same  age, 
and  unequally  metamorphosed.  Across  the  valley  the  Hoosac  phyllite 
was  traced  by  gradual  transitions  into  the  limestone;  and  the  Stock- 
bridge limestone,  Berkshire  phyllite,  Bellowspipe  limestone  and  Grey- 
lock phyllite  are  all  correlated  with  the  Hoosac  phyllite,     In  the  quartz- 
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ite  is  found  the  Olenellus  fauna,  hence  the  only  pre-Cambrian  rock  is 
tlie  granitoid  gneiss.  In  structure  Greylock  is  a  complex  synclinal, 
while  Hoosac  mountain  is  an  anticlinal  overturned  toward  the  west. 
At  the  ends  of  the  Hoosac  ridge  the  anticlinal  bends  nearly  to  an  east 
and  west  direction.  This  is  explained  by  regarding  the  granite-gneiss 
as  a  rigid  mass  which  resisted  the  lateral  thrust,  and  the  abnormal 
overfbldings  as  the  result  of  compensatory  movements. 

Wolff.67  in  1880,  gives  a  systematic  account  of  the  geology  of  Hoosac 
mountain.  The  rocks  of  the  region  are  thoroughly  crystalline,  but 
little  trace  remains  of  their  original  elements,  whether  of  detrital  or 
of  eruptive  origin;  but  the  bedding  corresponding  to  their  original 
planes  of  deposit  is  well  marked,  and  under  proper  conditions  the  order 
of  succession  can  be  determined.  The  basement  rock  is  a  coarse 
granitoid  banded  gneiss,  which  forms  the  base  of  the  Hoosac  mountain 
proper.  Crushing  and  development  of  new  minerals  makes  it  perhaps 
impossible  to  say  certainly  what  is  the  origin  of  this  rock.  It  could 
perfectly  well  be  an  eruptive  granite  modified  by  inetamorphism, 
while  on  the  other  hand  its  field  relations  show  its  close  association 
with  and  frequent  transition  into  coarse  gneisses  which  seem  to  form 
a  part  of  the  detrital  series. 

Overlying  the  granitoid  gneiss  is  a  series  of  rocks  called  the  Ver- 
mont formation.  At  one  place,  where  perhaps  folded,  it  is  600  or  700 
feet  thick.  This  formation  contains  numerous  gradations  between  coarse 
gneisses  similar  to  the  basement  gneiss;  finer  grained  banded  gneisses ; 
gneisses  with  but  a  small  amount  of  mica;  metamorphic  gneiss-con- 
glomerate: ordinary  quartzite-conglomerate  and  quartzites.  These 
phases  pass  into  each  other  along  the  strike.  In  the  metamorphic  eon- 
glomerate  it  is  difficult  or  impossible  to  separate  the  old  quartz  and 
feldspar  from  that  formed  in  situ.  The  rock  is  considered  metamorphic 
because  of  the  shape  and  distribution  of  the  pebbles  in  alternations  of 
coarse  and  fine  materials,  because  of  the  diverse  nature  of  the  pebbles, 
including  blue  quartz,  white  quartz,  granulite  rock,  and  granite,  and  be- 
cause of  frequent  transitions  into  quartzite  and  quartzite-conglomerate. 

The  next  member  of  the  series  is  the  Hoosac  schist,  which  conform 
ably  overlies  the  Vermont  formation.     In  this  schist  no  recognizable 
clastic  element  is  found.     The  minerals  appear  to  have,  formed  con- 
temporaneously.    This  schist  is  often  coarsely  crystalline,  yet  it  is  very 
similar  to  the  albite  phyllites  of  Germany. 

The  next  rock  found  is  tin1  stratified  limestone,  which  occurs  in 
the  Hoosac  valley,  where  it  is  in  contact  with  the  Vermont  forma- 
tion and  the  Hoosac  and  Berkshire  schists.  The  rock  is  generally  an 
impure,  coarsely  crystalline  white  marble.  Layers  of  quartzite  are 
frequent  in  the  limestone  and  the  change  from  one  to  the  other  is 
gradual.  Also,  there  is  in  some  sense  a  transition  between  the  Stock- 
bridge  limestone  and  Vermont  gneiss,  and  also  a  transition  between  the 
limestone  and   Hoosac  schist,     There  also  occur  certain  dark  colored 
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rocks  interstrat  ified  with  and  in  one  case  cutting  the  others,  amphibo- 
lites.  I>etailed  descriptions  are  given  of  ttie  occurrences  at  the  various 
districts. 

At  the  Hoosae  tunnel  the  main  facts  brought  out  are  that  there  is  a 
large  central  mass  of  coarse  granitoid  gneiss  (Stamford  gneiss)  forming 
the  core  of  Hoosae  mountain :  i  hat  tliis  is  flanked  on  both  sides  by  the 
white  gneiss-conglomerate  (Vermont  conglomerate),  the  eastern  band 
having  a  steady  dip  east  and  overlain  by  the  albite-schist  series;  tin- 
western  hand  broader,  with  varying  dips,  passing  by  gradual  transi- 
tions into  the  coarse  gneiss,  and  hounded  on  the  west  by  a  narrow  hand 
of  the  alhite  seliist  (Hoosae  schist),  the  contact  being  conformable  and 
transitional.  This  schist  is  succeeded  on  the  west  by  another  hand  of 
fine  grained  white  gneiss  (Vermont),  and  this  in  turn  by  the  limestone 
(Stockbridge),  no  contacts  being  observed.     The  structure  is  anticlinal. 

This  succession  and  these  relations  are  found  to  correspond  with  the 
distribution  in  the  central  district  of  Hoosae  mountain.  It  is  also  found 
that  the  anticlinal  of  Hoosae.  consisting  of  the  Stamford  gneiss,  Ver- 
mont formation  and  Hoosae  schist,  has  a  pitch  to  the  northward  of  from 
10°  to  15°,  while  the  western  side  has  been  overturned,  which  makes 
the  beds  in  inverted  order  on  tin-  west  side.  The  whole  northern  third 
of  the  region  and  a  broad  strip  along  the  east  is  occupied  with  albite- 
phyllite.  In  the  district  south  of  Cheshire  and  that  of  Hoosae  valley 
the  Stockbridge  limestone  and  Vermont  quartzite  are  found  to  be  con- 
formable, and  the  Latter  lower  in  horizon,  as  shown  by  contacts,  litho- 
logical  passages  and  the  corrugations  of  the  two  together;  the  quartzite- 
con  glomerate  of  the  Vermont  formation  is  identical  with  the  fine  grained 
white  gneisses  of  the  Dalton-  Windsor  area  and  to  those  of  Hoosae  moun- 
tain; and  the  schist  area  of  Hoosae  mountain  is  conformable  with  the 
quartzite  and  white  gneiss  series  of  Hoosae  valley.  The  Hoosae  valley 
schist  and  limestone  appear  to  be  conformable,  although  contacts  are 
wanting. 

At  Clarksburg  mountain  the  granitoid  gneiss  (Stamford  gneiss  is 
overlain  by  Clarksburg  quartzite  (Vermont  formation),  in  which  Wal- 
cott  has  found  remains  of  trilobites,  showing  it  to  be  Lower  Cambrian. 
The  two  in  a  general  way  appear  to  be  conformable,  but  in  one  place  an 
undoubted  dike  inns  in  a  straight  line  through  the  granitoid  gneiss. 
but  abuts  against  the  quartzite  without  passing  into  it :  and  thequartz- 
ite  has  a  curious  thickening  of  its  layers  where  the  dike  joins  it.  as 
though  there  had  been  a  hollow  owing  to  erosion  of  the  dike  before  the 
deposition  of  tin-  quartzite.  It  seems,  therefore,  to  show  the  most  per- 
fect unconformity  between  tin-  granitoid  gneiss  and  the  overlying  quartz- 
ite, although  the  structure  of  both  rocks  is  parallel.  Excepting  the 
granitoid  gneiss  and  the  amphibolite,  if  the  rocks  are  simply  the  Cam- 
brian and  Silurian  limestones,  sandstones  and  shales,  altered  by  meta 
morphism,  as  they  appear  to  be.  the  transition  ought  to  be  traced  to 
the  unaltered  forms  toward  the  Hudson.     An  examination  of  the  rocks 
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of  Greylock  suggests  that  the  inetamorphisin  is  in  general  in  accord- 
ance with  this  idea  eastward,  and  also  perhaps  downward. 

As  a  result  of  the  work  it  is  concluded  that  the  gneisses  of  the  Green 
mountains  are  just  as  capable  of  stratigraphical  investigation  as  the 
unaltered  sediments  of  the  Appalachians,  only  the  problem  is  much 
more  difficult,  owing  to  the  secondary  structures  produced  by  metamor- 
phism. 

Dale,68  in  1889,  gives  a  systematic  treatment  of  the  structural  and 
areal  geology  of  Greylock.  The  rocks  are  all  metamorphic  and  of  few 
kinds,  crystalline  limestone  and  various  schists.  The  key  to  the  struc- 
ture is  in  the  distinction  between  cleavage  foliation  and  stratification 
foliation.  The  phenomena  of  cleavage  and  stratification  as  studied  on 
Greylock  lead  to  the  adoption  of  the  following  structural  principles: 
1.  Lamination  in  schist  or  limestone  may  be  either  stratification  folia- 
tion or  cleavage  foliation,  or  both,  or  sometimes,  in  limestone  at  least, 
"  false  bedding."  To  establish  conforinability  the  conformability  of  the 
stratification  foliations  must  be  shown.  II.  Stratification  foliation  is 
indicated  by:  (a)  The  course  of  minute  but  visible  plications;  (b)  the 
course  of  the  microscopic  plications ;  (c)  the  general  course  of  the  quartz 
laminae  whenever  they  can  be  clearly  distinguished  from  those  which 
lie  in  the  cleavage  planes.  III.  Cleavage  foliation  may  consist  of:  (a) 
Planes  produced  by  or  coincident  with  the  faulted  limbs  of  the  minute 
plications;  (b)  planes  of  fracture,  resembling  joints  on  a  very  minute 
scale,  with  or  without  faulting  of  the  plications;  (c)  a  cleavage  ap- 
proaching slaty  cleavage,  in  which  the  axes  of  all  the  particles  have 
assumed  either  the  direction  of  the  cleavage  or  one  forming  a  very  acute 
angle  to  it,  and  where  stratification  foliation  is  no  longer  visible.  IV. 
A  secondary  cleavage,  resembling  a  minute  jointing,  occurs  in  scattered 
localities.  V.  As  ascertained  by  Pnmpelly,  the  degree  and  direction 
of  the  pitch  of  a  fold  are  indicated  by  those  of  the  axes  of  the  minor 
plications.  VI.  The  strike  of  the  stratification  foliation  and  cleavage 
foliation  often  differ  in  the  same  rock,  and,  as  suggested  by  Pnmpelly, 
are  then  regarded  as  indicating  a  pitching  fold.  When  the  fold  is 
horizontal  the  two  are  parallel.  VII.  Such  a  correspondence  exists 
between  the  stratification  foliations  and  cleavage  foliations  of  the  great 
iolds  and  those  of  the  minute  plications  that  a  very  small  specimen 
properly  oriented  gives;  in  many  cases,  the  key  to  the  structure  over  a 
large  portion  of  the  side  of  a  fold. 

There  are  huge  areas,  sometimes  half  a  mile  square,  where  the  only 
foliation  presented  by  the  outcrops  is  of  secondary  character  and  where 
no  trace  of  stratification  can  be  detected.  As  the  cleavage  foliation  in 
some  places  coincides  with  the  stratification  foliation  both  in  strike  and 
dip,  in  others  agrees  in  strike  while  differing  in  angle  of  dip,  and  in  still 
others  differs  both  in  strike  and  dip,  and,  furthermore,  as  the  marks 
of  stratification  are  not  infrequently  subject  to  purely  local  changes, 
the  whole  matter  is  attended  with  much  difficulty.     As  a  rule  the 
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most  reliable  structural  data  on  Greylock  have  been  obtained  from 
outcrops  where  two  different  beds  were  in  visible  contact,  or  from  a 
series  of  related  outcrops  in  all  of  which  both  cleavage  filiation  and 
stratification  foliation  were  equally  manifest  and  discordant,  or  else 
from  large  surfaces  of  rock  at  right  angles  to  the  strike  where  the 
general  trend  of  the  minor  folds  could  be  distinctly  seen.  As  a  re- 
sult of  a  large  number  of  observations  the  difference  in  angle  of  dip 
between  the  cleavage  foliation  and  stratification  foliation  was  found  to 
be  from  10°  to  120°.  When  the  difference  is  over  90°  the  direction  of 
the  two  dips  is  opposite.  The  absolute  dip  of  cleavage  in  a  large 
number  of  cases  is  almost  universally  to  the  east.  Also,  there  is  lack 
of  conformity  in  the  strikes  of  the  cleavage  foliation  and  stratification 
foliation. 

Early  in  the  work  attention  was  directed  by  Pumpelly  to  methods  of 
detecting  the  pitch  in  the  axes  of  folds.  It  is  usually  determined  by 
observing  the  pitch  of  the  axis  of  any  part  of  the  fold.  The  correct- 
ness of  the  method  seems  to  be  verified  by  the  general  parallelism 
which  exists  between  the  minute  and  general  structure  of  the  rock 
masses,  and  also  by  the  opposite  direction  of  the  pitch  as  determined 
at  the  extreme  ends  of  the  mountains.  An  application  of  these  prin- 
ciples to  Greylock  shows  that  the  range  consists  of  a  series  of  more 
or  less  open  or  compressed  synclines  and  anticlines  which,  beginning 
near  North  Adams,  increase  southerly  in  number  and  altitude  with  the 
increasing  width  and  altitude  of  the  schist  area,  and  then,  from  a  point 
about  a  mile  and  a  half  south  of  the  summit,  begin  to  widen  out,  and 
to  diminish  in  number  and  height  until  they  finally  pass  into  a  few 
broad  and  low  undulations  west  of  Cheshire.  Between  that  point  and 
the  villages  of  Berkshire  and  Lanesboro  the  folds  become  sharper  ami 
more  compressed  and  the  schist  area  rapidly  narrows,  terminating 
within  a  short  distance  of  Pittsfield. 

Mount  Greylock,  with  its  subordinate  ridges,  is  then  a  synclinorium, 
consisting  at  the  surface  of  eleven  synclines  alternating  with  as  many 
anticlines,  but  in  carrying  the  sections  downward  they  are  resolved 
into  two  great  synclines  with  several  lateral  and  minor  ones.  There 
are  five  more  or  less  distinct  lithological  horizons  in  the  Greylock  mass. 

Beginning  above,  the  succession  and  correlations,  with  the  classifica 
tions  of  E.  Emmons,  James  Hall,  Dana  and  Walcott,  are  as  follows: 
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LITERATURE   OF   RHODE   ISLAND. 

Jackson,69  in  1840,  describes  the  older  roeks  of  Rhode  Island  as 
Primary  and  Metamorphic.  The  Primary  roeks  are  generally  said  to 
be  rocks  produced  in  the  stare  of  igneous  fusion.  Among  these  are 
placed  granite,  gniess  and  mica  slate,  although  it  is  doubtful  as  to  the 
manner  in  which  these  two  latter  rocks  were  formed.  At  Woonsocket 
a  conglomerate  passes  into  a  mica -slate.  In  general  the.  contact  be- 
tween the  gneiss,  mica-slate  and  graywacke  are  perfectly  sharp. 

Cozzens,70  in  1843,  finds  that  the  section  on  the  island  of  Rhode 
Island,  from  the  base  up,  includes  granite,  serpentine,  black  slate,  gray- 
wacke, black  slate,  Rhode  Island  coal  and  diluvium. 

Jackson,71  in  1859,  maintains  that  the  pebbles  of  the  Newport  con- 
glomerates in  their  present  condition  were  mechanically  formed  by  being 
roHed  upon  beaches,  often  the  distortions  and  indentations  being  ac- 
counted for  in  this  way. 

Hitchcock  (Ohas.  H.),72  in  1861,  describes  the  lower  rocks  of  the 
island  of  Aquidneck,  in  ascending  order,  as  (1)  talcoid  schists,  and 
conglomerates  with  red  jasper  pebbles;  (2)  the  Purgatory  conglomer- 
ate, the  pebbles  of  which  are  distorted;  (3)  mica-schists,  mica-slates, 
•conglomerates,  sandstones,  and  grits  west  of  Purgatory;  (4)  second 
conglomerate,  and  (5)  coal  measures. 

Dale,73  in  1883,  gives  detailed  sections  of  many  localities  and  de- 
scriptions of  various  places.  The  conglomerates  are  found  in  some 
cases  to  be  highly  metamorphic,  the  pebbles  being  unmistakably  elon- 
gated and  cut  with  scales  of  mica.  The  cleavage  of  the  pebbles  is 
regarded  as  partly  due  to  their  adhesion  to  the  cement.  The  fractures 
with  which  they  are  cut  is  possibly  due  to  wave  motion  or  to  the  con- 
traction of  the  conglomerate  in  cooling  from  a  heated  state.  The 
chronological  order  and  thickness  of  the  series  is  in  ascending  order  as 
follows : 

Feet. 

1.  Hornblende-schist  alternating  with  mica-schist 950 

2.  Chloritic  schists  and  associated  argillaceous  and  micaceous  schists £00-750 

3.  Greenish,  slaty  conglomerate,  with  argillaceous  and  siliceous  serpentine. 

(Conglomerate  I. ) 500 

4.  Quartz  and  clay,  aggregate 750 

5.  Argillaceous  schists  and  associated  slates,  etc 000 

G.  Quartzite  conglomerate,  with  grits  and  some  argillaceous  schist.     (Con  , 

glomerate  n. ) 750 

7.  Carbonaceous  schists  and  shales  with  argillaceous  schists 500 

8.  Fine  argillaceous  conglomerate  and  grit 500 

Total 5050-5300 

LITERATURE    OF    CONNECTICUT. 

Silliman,74  in  1820,  states  that  Primitive  rocks  occur  in  many  places 
in  the  counties  of  New  Haven  and  Litchfield.  These  rocks  succeed 
each  other  with  almost  precisely  the  arrangement  and  succession  laid 
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down  by  Werner — clay- slate,  including  beds  of  trap;  mica-slate; 
gneiss.  Granite  crowns  the  whole,  although  it  occupies  but  a  small 
extent  compared  with  the  gneiss  and  slaty  rocks.  As  a  whole  the 
slates  occupy  the  lowest  and  the  granites  and  gneiss  the  highest  situa- 
tions. 

Mather,75  in  1832,  describes  the  succession  from  Killingly  to  Haddam 
as  consisting  of  gneiss,  granite,  syenite,  mica-slate,  hornblende-slate, 
granular  quartz  rock,  the  latter  underlying  thick  strata  of  gneiss. 
Powerful  veins  of  granite  traverse  the  gneiss,  while  in  other  places  the 
granite  is  found  both  in  veins  and  beds. 

Mather,76  in  1834,  divides  the  rocks  of  Connecticut  into  gneiss, 
hornblende- slate,  mica-slate,  granular  feldspar,  granular  quartz,  syen- 
ite, granite,  limestone.  The  strata  generally  show  themselves  in  long 
belts  extending  unbroken  to  a  considerable  distance.  The  thickness 
of  the  gneiss  at  one  locality  is  not  less  than  1.0,000  feet.  At  Lebanon 
the  gneiss  surrounding  a  great  part  of  the  syenite  dips  so  as  apparently 
to  pass  under  the  latter  rock.  The  syenite  is  not  stratified,  but  the 
granite  is  partly  so.  The  limestone  occurs  in  beds  from  1  to  20  feet 
thick,  embraced  in  the  contorted  gneiss  in  the  northwest  part  of  Ston- 
ington. 

Percival,77  in  1842,  divides  the  consolidated  rocks  of  Connecticut 
into  Primary,  Secondary,  and  Trap  rocks.  The  Primary  rocks  occupy 
the  greater  portion  of  the  surface  of  the  state  and  are  divided  into  the 
western  and  eastern  sections.  These  primary  rocks  are  formed  en- 
tirely of  original  materials,  exhibiting  no  appearance  of  any  fragment 
or  remains  of  any  anterior  formation.  The  trap  rocks  are  chiefly  con- 
nected with  the  secondary  rocks,  although  they  also  cut  the  Primary. 
These  are  regarded  as  intrusive  and  igneous.  In  describing  the  Pri- 
mary locks  the  term  parallel  is  preferred  to  stratified,  as  simply 
expressing  the  fact  as  to  the  arrangement  of  the  minerals  without  im- 
plying any  opinion  as  to  the  mode  of  formation.  The  western  primary 
system,  which  extends  on  the  west  and  southwest  into  the  state  of  New 
York  and  on  the  north  into  Massachusetts,  is  divided  into  a  large 
number  of  local  formations,  including  the  classes,  mica-slate,  argillite, 
granite,  calciferous  schist,  limestone.  The  formations  as  a  whole  pre- 
sent a  series  of  parallel  ridges  which  have  a  general  curvature  with  a 
convexity  toward  the  east.  The  central  portion  exhibits  a  series  of 
granitic  and  micaceous  alternations,  which  appear  partly  as  elongated 
bands  and  partly  as  isolated  nuclei,  generally  granitic,  around  which 
the  more  micaceous  formations  are  concentrically  arranged.  The  east- 
ern primary  system  is  divided  into  several  main  groups,  the  rocks  here 
including  gneiss,  micaceous  and  chloritic  rocks.  In  one  of  the  granitic 
formations  the  arrangement  consists  of  a  central  nucleus  of  granite- 
gneiss  surrounded  by  narrow  concentric  ranges  of  various  characters. 
The  zone  immediately  adjoining  the  granitic  nucleus  is  characterized 
by  the  almost  constant  presence  of  anthophyllite.     From  the  coarsest 
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granites  to  the  finest  and  most  uniform  schist  the  structure  is  charac- 
terized by  a  parallel  arrangement  of  the  mineral  constituents.  Con- 
tinual alternations  were  observed  of  series  of  granitic,  micaceous,  horn- 
blendic  and  various  other  formations.  The  trap  rocks  occurring-  in  the 
primary  and  secondary  formations  are  so  near  alike  that  they  can  not 
be  separated,  but  in  the  primary  rocks  there  is  no  conformity  between 
the  traps  and  the  adjacent  formations,  such  as  prevails  in  the  secondary. 
Dana,78  in  1872,  states  that  the  quartzite  of  Canaan  outcrops  in  six 
exposures,  is  unconformably  below  the  limestone,  and  its  jointing, 
uplifting1  and  consolidation  took  place  before  the  latter  was  deposited. 

GENERAL  LITERATURE. 

DANA,79  in  1877,  maintains  that  the  conformable  succession  in  Berk- 
shire county,  Massachusetts,  and  in  Vermont  are  the  same,  being  (1)  lime- 
stones and  schists;  (2)  quartzites  and  schists;  (3)  quartzites  and  lime- 
stones; all  conformable.  The  Taconic  range  of  Berkshire  is  probably 
Upper  Trenton  or  Hudson  river  or  Cincinnati.  There  are  frequent 
abrupt  transitions  between  the  quartzite  and  gneiss  which  are  believed 
to  represent  transitions  from  sand  deposits  to  mud  deposits  in  the  old 
seas. 

Hitchcock,  (C.  H.), 80  in  1879,  describes  the  Atlantic  system  as  in- 
cluding the  highlands  of  the  Atlantic  ocean  between  Newfoundland  and 
the  Carolinas,  comprising  the  Terranovan,  confined  to  Newfoundland 
and  Nova  Scotia;  the  Montalban,  with  Green  mountain  branch,  in 
which  is  the  White  mountains;  and  the  Carolina  or  Southern,  which 
culminates  in  the  Black  mountains.  The  rocks  of  the  system  were 
deposited  in  a  Laurentian  basin  with  the  Adirondack^  on  the  west  and 
the  ancient  gneisses  of  eastern  Massachusetts  on  the  east. 

Dana,81  in  1880,  finds  that  the  western  and  easternhalves  of  the  Green 
mountain  area  are  one  orological  system,  the  rocks  being  similar,  and 
all  are  of  Lower  Silurian  age.  With  these  belong  part  of  the  central 
mountain  section.  In  view  of  these  various  considerations  the  evi- 
dence, although  not  yet  beyond  question,  is  manifestly  strong  for 
embracing  the  whole  region  between  the  Connecticut  and  the  Hudson 
(and  to  an  unascertained  distance  beyond)  within  the  limits  of  the  Green 
mountain  synclinorium. 

Dan  A, 32  in  1884,  finds  that  the  schistose  rocks  constituting  the  Ta- 
conic range  grade  from  north  to  south  from  feebly  crystalline  argillite 
and  hydromica-sehist  to  coarse  grained  mica-schist,  garnetiferous  and 
staurolitic.  The  eastern  and  western  limestone  belts  blend  with  one 
another  through  the  low  regions.,  cross  the  Taconic  line,  and  prove  the 
two  to  be  one  formation.  The  limestone  passes  underneath  the  schist 
of  the  Taconic  range  and  outcrops  on  its  east  and  west  sides  on  opposite 
sides  of  the  synclinal.  The  limestones  which  constitute  thelower  part  of 
the  Taconic  system  contain  fossils,  which  designate  it  as  Lower  Silurian ; 
hence  the  schists  of  the  Taconic  are  later  than  Silurian  age  and.  prob- 
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ably  belong  to  the  Hudson  river.  The  structure  of  the  range  is  a  com- 
pound synclinal.  Mount  Washington  is  a  synclinal  of  the  same  kind, 
which  dies  out  to  the  south  with  a  multiplication  of  small  subordinate 
flexures. 

Hitchcock  (0.  H.),83  in  1884,  describes  a  number  of  geological 
sections  across  New  Hampshire  and  Vermont,  and  correlates  the  rocks. 
The  order  and  thickness  of  the  crystalline  formations  from  above  down- 
ward are  as  follows: 

Feet. 

Calciferous  mica-schist  and  Coos  group 12,  000 

Kearsar^e  group 1 ,  300 

Rockingham  mica-schist 6,  000 

Merrimac  group ^ ,  300 

Huronian 12,  000 

Hornblende-schist 1 ,  f>00 

Montalban 10,  000 

Lake  Winnipiseogee  (Green  mountain)  gneiss 18,  000 

Bethlehem  gneiss 0,  300. 

Porphyritic  gneiss 5,  000 

Total  thickness ! 77, 000 

The  various  groups  are  classified  according  to  strati  graphical  and  not 
lithological  reasons.  Unlike  rocks  are  never  assumed  to  be  identical. 
If  a  hornblende-schist  and  clay-slate  dip  toward  each  other  they  are 
assumed  to  be  of  different  age  and  separated  by  a  fault.  If  a  granitic 
rock  shows  foliation  it  is  classed  among  the  gneisses.  The  igneous 
rocks  are  devoid  of  marks  of  stratification.  The  Montalban  is  used  to 
cover  pre-Huronian  and  post  or  upper  Laurentian  rocks.  Huronian  is 
used  for  convenience  to  designate  the  various  schists  of  chloritic  and 
argillitic  aspect  overlying  the  gneisses  and  inferior  to  the  Cambrian  so 
far  as  known.  The  Ascutney  granite  seems  to  have  been  erupted  from 
below  through  one  or  more  vents  and  spread  over  the  rock  adjacent, 
as  is  shown  by  the  fact  that  in  the  valleys  Avhere  erosion  has  cut  into 
the  base  of  the  granite  it  is  discovered  that  schists  run  under  the  igne- 
ous rock  certainly  for  300  feet.  The  mica-schists  show  the  presence  of 
heat  for  a  distance  of  500  feet  or  more  from  the  granite.  The  slates 
have  been  indurated  so  that  they  ring  like  iron  when  struck  with  a 
hammer.  The  limestones  are  sometimes  calcined  and  even  glazed. 
Veins  enter  both  of  the  rocks  from  several  yards  distant.  The  gneiss 
is  not  altered  by  the  contact  line.  It  would  seem,  therefore,  as  if  we> 
had  here  examples  of  contact  phenomena,  and  only  the  later  strata  ail 
affected,  because  the  gneiss  had  been  already  made  crystalline  before 
the  eruption  of  the  granite. 

Hitchcock,  (C.  H.),84  in  1886,  divides  the  older  rocks  of  Vermont  into 
(1)  granite  (Devonian);  (2)  Eozoic  gneiss;  (3)  Potsdam  and  later  for-; 
mations.  In  (3)  are  included  the  Georgia  slates,  the  calciferous  mica- 
schist,  etc.  The  Eozoic  gneiss  occurs  in  five  areas  and  is  believed  to 
underlie  the  Potsdam  or  Quebec  group.    At  Wallingford  the  quartzi  te  is 
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iuperimposed  upon  a  gneiss,  as  shown  by  peculiar  erosion.  At  Sunder- 
land, East Wallingford,  Ripton,  Bristol  and  Clarksburg, Massachusetts, 
the  fossiliferous  rocks  contain  pebbles  of  a  peculiar  blue  quartz  which 
ls  derived  from  the  gneiss.  The  gneiss  is  a  northward  continuation  of 
the  Eozoic  rocks  of  New  Jersey,  the  Highlands  of  New  York  and  of 
southern  New  England.  In  Maine  the  Cambrian,  Huronian  and  Ta- 
nnic rocks  are  placed  together  and  also  the  Montalban  and  Laurentian. 
The  granite  and  trap  and  altered  slates  are  not  placed  in  the  strati, 
graphical  column.  The  gneisses  are  regarded  as  older  than  either 
bhe  Cambrian  or  Huronian.  The  pre  Silurian  rocks  of  New  Hamp- 
shire are  classified  as  follows: 

Laurentian Porphyritic  gneiss. 

f  Bethlehem  group. 
■Vtlantic  '  i.jake  Winnipiseogee  gneiss. 

)  Montalban  or  White  mountain  series. 
^Franconia  breccia. 
Conway  granite. 
Albany  granite. 
Chocorua  granite. 
Ossipyte. 

Compact  feldspar. 
Exeter  syenites, 
f  Lisbon  group. 

Huronian ;  Lyman  group. 

I  Auriferous  conglomerate, 
f  Rockingham  schists. 
I  Calciferous  mica-schist. 

Paleozoic Cambrian >  Coos  group. 

Clay  slates. 
k  Mount  Mote  conglomerate. 

The  Atlantic  system  is  proposed  to  cover  all  the  rocks  along  the  At- 
lantic coast  from  Maine  to  Alabama,  being  regarded  posterior  in  time 
go  the  Laurentian  but  anterior  to  the  Cambrian  and  later  formations. 

Walcott,85  in  1886,  places  the  Georgia  formation,  which  is  found  to 
3ontain  the  Olenellus,  in  the  middle  Cambrian,  and  the  Braintree  series 
A'  Massaehusett  bearing  the  Paradoxides  fauna  is  placed  in  the  Lower 
Cambrian. 

Walcott,36  in  1888,  in  a  consideration  of  the  Taconic,  places  the 
western  core  of  the  Green  mountains  as  pre-Cambrian,  the  bounding 
ine  being  at  a  considerable,  but  a  varying  distance  east  of  Rutland, 
Vliddlebury,  Burlington  and  St.  Albans.  All  of  the  rocks  of  western 
Massachusetts  are  regarded  as  Cambrian  or  post- Cambrian,  including 
lie  Stockbridge  limestone,  the  granular  quartz  rock,  the  magnesian 
late,  Sparry  limestone,  and  Taconic  slate.  In  northwestern  Connecti 
jut  is  an  area  of  pre-Cambrian  rocks  which  is  surrounded  by  quartzite 
eferred  to  the  Georgia  formation. 

Walcott,87  in  1889,  after  a  consideration  of  the  Cambrian  fauna 
everses  the  position  of  the  Georgia  and  Braintree  horizons,  placing  the 
after  as  Middle  and  the  former  as  Lower  Cambrian. 
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SUMMARY   OF   RESULTS. 

In  this  discussion  no  attempt  will  be  made  to  consider  in  detail  the 
structures  worked  out  by  the  various  authors  in  individual  districts, 
but  rather  to  indicate  the  general  character  of  the  results  which  have 
been  reached. 

It  is  plain  that  the  knowledge  of  the  pre  Cambrian  structure  of  the 
New  England  states  is  in  a  very  unsatisfactory  condition.  Even  in 
such  a  district  as  that  of  eastern  Massachusetts,  including  the  Boston 
basin,  there  is  the  greatest  diversity  of  opinion,  a  district  which  one 
would  naturally  expect  would  have  been  systematically  studied  and 
certain  results  reached.  In  western  Massachusetts,  where  the  most 
elaborate  of  the  older  surveys  has  been  made,  the  rock  successions 
given  from  time  to  time  and  the  correlations  with  other  series  have  varied 
greatly.  These  areas  are  particularly  mentioned  because  most  studied. 
What  is  here  true  is  still  more  emphatically  the  case  with  the  remainder 
of  the  region. 

While,  then,  systematic  work  in  the  New  England  states  is  but  fairly 
begun,  one  great  structural  fact  is  clearly  apparent,  that  large  areas  of 
rocks  which  have  commonly  been  regarded  as  pre-Cambrian  are  prov- 
ing to  be  Cambrian  or  post- Cambrian.  This  is  most  marked  in  west- 
ern Massachusetts,  where  the  recent  work  of  Dana,  Pumpelly,  Dale, 
Wolff,  Emerson  and  Walcott  has  established  the  conclusion  that  the 
pre-Cambrian  rocks  are  confined  to  small  areas.  The  results  reached 
in  this  district  show  that  it  will  not  do  to  call  the  crystalline  rocks 
pre-Cambrian  and  the  uncrystalline  ones  post-Cambrian,  a  principle 
clearly  recognized  by  Adams  and  the  elder  Hitchcock  many  years  ago. 
Over  large  areas  mica-slates,  mica-schists  and  evenly  granular  gneisses, 
have  been  demonstrated  beyond  all  question  to  belong  to  the  Cambrian 
or  post-Cambrian.  If  in  the  remainder  of  New  England  the  pre-Cam- 
brian rocks  shrink  in  proportion  as  they  have  done  in  the  districts 
closely  studied,  they  will  not  occupy  more  than  a  fraction  of  the  area 
usually  assigned  to  them. 

If  it  be  true  that  a  very  large  proportion  of  the  New  England  rocks 
which  have  been  supposed  to  be  pre-Cambrian  are  really  Cambrian  or 
post-Cambrian,  it  is  evident  that  the  reference  of  them  to  the  Montal- 
ban,  Norian,  Huronian,  Laurentian,  etc.,  is  wholly  unwarranted.  In 
the  districts  already  referred  to  where  definite  knowledge  is  available 
many  of  the  rocks  before  referred  to  these  various  series  are  being 
divided  into  two  classes,  sedimentary  and  igneous,  and  are  being  dis- 
tributed from  the  Cambrian  to  the  Carboniferous. 

As  yet  it  can  not  be  positively  said  of  any  district  that  the  prd 
Cambrian  rocks  can  be  subdivided  upon  a  structural  basis,  although 
recent  unpublished  results  by  Pumpelly  and  his  assistants  in  the  Green 
mountains  indicate  that  it  may  be  possible  to  do  this  in  the  future. 

This  New  England  region  is  one  of  great  interest  as  being  the  first 
iu  which  it  was  clearly  shown  by  structural  work  that  fragmental  rocks 
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pass  over  into  crystalline  schists.  The  descriptions  by  the  elder 
Hitchcock  of  the  way  in  which  the  schist-conglomerates  at  various 
points  pass  over  into  mica-schist  in  which  no  trace  of  the  pebbles  re- 
main are  remarkably  like  those  given  many  years  later  by  Keusch,  the 
chief  difference  being  that  in  the  latter  case  partly  destroyed  fossils 
were  found  in  the  semicrystalline  rocks.  Hitchcock's  summary  of  the 
evidence  for  the  production  of  completely  crystalline  schists  from  frag: 
mental  rocks  over  extensive  areas,  published  in  1860  in  the  Vermont 
reports,  is  demonstrative  in  its  nature.  The  case  could  hardly  be  put 
more  forcibly  at  the  present  time,  except  by  the  additional  evidence 
derived  from  microscopical  structures. 

One  of  the  most  interesting  differences  of  opinion  has  been  as  to  the 
origin  of  the  granite  and  its  relation  to  other  rocks.  The  elder  Hitch- 
cock believed  that  the  granites  and  syenites  are  produced  by  the 
aqueo-igneous  fusion  of  the  sedimentary  beds,  that  they  have  usually 
not  moved  far,  and  thus  represent  older  stratified  rocks.  Locally  it  was 
recognized  that  they  have  become  fluid  and  have  intruded  the  adja- 
cent rocks,  showing  all  the  characteristics  of  an  ordinary  eruptive. 
The  term  metamorphic  was  made  to  cover  this  once  fluid  material.  Alon^ 
the  contacts  of  the  granite  with  the  slates  and  schists,  at  various 
localities  were  found  many  rounded  fragments  which  were  taken  as  evi- 
dence of  the  metamorphic  origin  of  the  whole,  the  matrix  being  re- 
garded as  completely  fused  and  the  fragments  as  residuary  bowlders 
which  had  resisted  the  process  of  metainorphism.  Stevenson  and  Mar 
vine  interpreted  like  facts  in  the  Kooky  mountains  in  the  same  man- 
ner. These  relations  are  precisely  the  same  as  those  described  by 
Lawson  between  his  Laurentian  granite-gneiss  and  the  clastic  series 
northwest  of  lake  Superior.  The  latter  writer,  however,  declines  to 
carry  the  term  metainorphism  over  to  the  final  product  and  regards  the 
granite-gneisses  along  the  contact  zone  containing  fragments  of  the 
adjacent  rocks  as  irruptive  ones,  the  fragments  being  caught  in  the 
fluid  material  rather  than  being  a  residual  unfused  substance.  The 
emphasis  is  then  thrown  upon  the  intrusive  character  of  the  granite- 
gneiss,  a  position  less  consonant  with  the  theory  of  subcrustal  fusion 
than  that  of  Hitchcock,  Stevenson,  Marvine,  and  Winchell.  An  objec- 
tion to  the  acceptance  of  this  theory  of  the  origin  of  granite  and  gran- 
ite-gneiss is  that  it  is  one  that  is  not  easily  verifiable.  As  soon  as  a 
rock  becomes  liquid  it  does  not  longer  reveal  the  source  of  the  materia  1, 
and  the  conclusions  that  it  has  not  moved  far  and  has  been  produced 
by  the  fusion  of  the  adjacent  rocks  is  an  unproved  and  perhaps  un- 
provable assumption. 

By  Crosby  the  granites  which  cut  other  rocks  are  placed  as  the 
older;  this  conclusion  follows  from  the  hypothesis  that  the  granites  are 
metamorphic.  If  they  intrude  overlying  rooks  they  must  have  been 
produced  from  a  more  deeply  buried  series  and  are  hence  older.  Most 
geologists  interpret  these  relations  to  mean  that  the  granite  is  a  later 
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intrusive  rock.  By  Shaler  the  lamination  of  the  minerals  in  the  sye- 
nites and  granites,  and  particularly  the  more  distinct  lamination  of  the 
exterior  parts  of  the  exposures,  is  regarded  as  unquestionable  evidence 
of  sedimentary  origin.  Jackson,  among  the  older  geologists,  has  stead- 
ily maintained  the  essentially  igneous  origin  of  the  granites  and  sye- 
nites. Hawes  was  the  first,  however,  to  clearly  study  from  the  modern 
point  of  view  the  granites  aud  granite- gneisses  and  to  show  that  the 
lamination  of  the  latter  is  not  necessarily  an  evidence  of  original  bed- 
ding, and  that  such  a  structure  may  appear  in  an  igneous  rock  as  well 
as  in  a  sedimentary  one.  It  is  only  since  the  recent  work  of  Puinpelly 
and  Emerson  that  it  has  been  generally  appreciated  that  there  are  two 
classes  of  granites  in  New  England.  These  geologists  have  shown  that 
in  western  Massachusetts  is  a  granitoid  gneiss,  which  beyond  all  ques- 
tion antedates  the  Cambrian  rocks  and  has  yielded  debris  to  them. 
While  this  is  the  case,  the  greater  mass  of  the  granites  are  far  later 
in  age,  some  of  them  ranking  in  time  as  late  as  the  Carboniferous. 
Frequently  the  masses  are  so  large  as  to  metamorphose  the  sedimen- 
tary beds  about  them  by  contact  or  dynamic  action,  or  more  probably 
by  both3  producing  the  concentric  schistose  structure  so  early  men- 
tioned by  Percival  and  so  fully  described  by  Emerson. 

By  the  early  advocates  of  metamorphic  granite  a  massive  form  was 
regarded  as  evidence  of  the  completed  process  and  of  the  great  age  of 
the  granite.  In  any  given  granite  the  age  of  which  is  not  known,  from 
the  modern  point  of  view,  its  perfectly  fresh  granular  form,  or  an  even 
lamination  of  mineral  constituents  which  results  from  crystallization 
under  ordinary  circumstances,  in  great  beds  or  masses,  bears  rather 
toward  its  late  formation ;  while  the  contorted  and  foliated  granitoid 
gneisses,  because  of  their  structures,  show  that  they  have  undergone 
repeated  powerful  dynamic  actions,  and  consequently  are  more  likely 
to  be  ancient  rocks. 

The  u  diorite- schists,"  "  ainphibolites,"  "  metamorphic  diorites,"  and 
similar  schistose  rocks  described  even  by  Hawes  as  metamorphic, 
probably  belong  for  the  most  part  with  the  other  greenstones,  which 
have  almost  universally  in  late  years  been  placed  with  the  eruptives. 
These  schistose  phases  are  more  ancient  than  the  massive  forms  or 
have  been  subjected  to  more  intense  metamorphism. 

While  it  was  early  recognized  by  most  geologists  that  slaty  cleavage 
and  foliation  may  cut  across  the  bedding,  it  was  generally  assumed 
that  cleavage  and  stratification  foliation  correspond.  As  early  as  1842 
Percival  so  clearly  saw  the  danger  of  this  course  that  he  states  that  he 
prefers  to  use  the  term  parallel  instead  of  stratified  in  describing  the 
structures  of  the  crystalline  rocks  as  expressing  the  fact  of  the  arrange- 
ment of  the  minerals  without  implying  any  opinion  as  to  the  mode  of 
formation.  Hawes,  in  1878,  states  that  the  granite- gneisses  in  their 
affinities  are  like  the  eruptive  granites,  the  lamination  being  an  induced 
structure  which  may  or  may  not  correspond  with  bedding  in  case  they 
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are  completely  metamorphosed  material.  He,  however,  includes  among 
the  metamorphic  rocks  diorite,  quartz-diorite,  and  amphibolite,  since 
they  have  marked  distinctions  from  the  fresh  basic  rocks  recognized  as 
eruptives.  From  the  assumption  that  cleavage  foliation  and  stratifica- 
tion generally  correspond  have  probably  resulted  more  mistakes  than 
from  any  other  cause. 

The  cautious  work  of  Adams,  the  elder  Hitchcock  and  Percival  in 
correlation  is  noticeable.  Adams  preferred  to  call  the  rocks  of  Ver- 
mont Azoic,  referring  to  their  present  state,  aud  specifically  saying  that 
many  of  them  might  prove  quite  late  in  the  fossiliferous  series.  The 
same  course  is  followed  by  the  elder  Hitchcock,  who  says  that  probably 
most  of  the  Yermout  rocks  will  prove  to  be  later  than  the  Laurentian 
of  Logan.  Percival,  in  Connecticut,  carefully  described  the  rocks  as 
they  occurred  without  attempting  to  give  any  succession  or  to  correlate 
them  with  other  rocks.  The  building  up  of  successions  upon  insufficient 
data  and  crude  correlations  is  mainly  the  work  of  later  men. 

The  work  of  Dana,  Pumpelly,  Emerson,  Dale,  Wolff,  and  Walcott  in 
the  past  decade  marks  a  new  epoch  in  the  study  of  the  crystalline  rocks 
of  New  England.  The  complexity  of  the  problem  has  been  for  the  first 
time  appreciated.  It  has  been  seen  that  the  old  method  of  making  a 
few  sections  wide  apart  across  a  district,  and  bringing  the  discrepan- 
cies into  harmony  by  assumptions,  wherever  necessary,  of  inversions 
and  faults,  and  making  correlations  of  formations  with  those  of  distant 
regions  because  of  lithological  likenesses,  can  lead  only  to  conclusions 
worse  than  valueless. 

In  applying  the  new  method  of  work,  as  exemplified  in  western 
Massachusetts,  it  has  not  been  assumed  that  a  rock  stratum  is  the 
equivalent  of  another  stratum  in  a  different  locality.  In  order  to  es- 
tablish equivalence  it  is  necessary  that  the  two  be  actually  traced  to- 
gether, or  else  that  unquestionable  fossil  evidence  be  found.  Instead 
of  assuming  that  stratification  and  cleavage  foliation  correspond,  the 
assumption  has  been  rather  that  they  usually  do  not  correspond  and 
that  nothing  can  be  taken  as  bedding  which  can  not  be  demonstrated 
to  be  this,  as,  for  instance,  the  contact  planes  of  two  formations,  such 
as  quartzite  and  limestone  or  one  of  these  with  schist.  Instead  of  build- 
ing up  a  structure  from  a  few  sections  wide  apart,  all  sources  of  informa- 
tion have  been  sought;  every  outcrop  was  visited;  the  information 
furnished  by  artificial  excavations  was  utilized;  full  suites  of  specimens 
were  collected,  and  all  the  light  which  can  be  furnished  by  the  modern 
petrographical  methods  has  been  brought  to  bear  upon  the  problems. 
Finally,  a  more  careful  search  for  fossils  has  revealed  their  presence  in 
rocks  so  crystalline  that  former  search  has  resulted  in  failure.  In  this 
study  Pumpelly,  besides  using  these  and  other  well  known  principles, 
has  formulated  new  ones.     These  are : 

(1)  The  degree  and  direction  of  the  pitch  of  a  fold  are  indicated  hy  those  of  the 
axes  of  the  minor  plications  on  its  sides.  (2)  When  the  strike  of  the  stratification 
foliation  and  cleavage  foliation  differ  in  the  same  rock,  this  is  regarded  as  indi- 
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eating  a  pitching  fold.  (3)  Such  a  correspondence  exists  between  the  stratifica- 
tion foliations  and  cleavage  foliations  of  the  great  folds  and  those  of  the  minute 
plications  that  a  very  small  specimen  properly  oriented  gives,  in  many  oases,  the 
key  to  the  structure  over  a  large  portion  of  the  side  of  a  fold. 

This  author  has  farther  ascertained  that  apparent  conformity,  which 
sometimes  exists  between  strata  really  unconformable,  may  be  due  to 
the  disintegration  of  the  earlier  series. 

Notwithstanding-  that  advantage  has  thus  been  taken  of  all  sources 
of  information,  the  problems  of  the  structure  of  western  Massachusettts 
have  been  found  so  difficult  that  it  has  taken  years  of  labor  of  a  num- 
ber of  men  to  build  up  correctly  the  stratigraphical  succession.  The 
labor  involved  in  this  work  and  the  relatively  small  size  of  the  area 
covered  show  that  before  any  accurate  map  of  the  whole  of  New 
England  can  be  presented  many  years  must  elapse,  although  it  may  be 
reasonably  hoped  that,  as  experience  accumulates,  the  application  of 
the  new  method  will  proceed  more  rapidly  than  in  the  decade  of  its 
inauguration. 

That  the  structural  mapping  of  the  crystalline  rocks  in  New  Eng- 
land is  less  extensive  than  in  some  other  parts  of  America  has  not  been 
due  to  a  lack  of  ability  or  industry  upon  the  part  of  the  workers  in 
this  region  as  compared  with  those  of  others,  but  rather  to  the  greater 
difficulty  of  the  problem.  This  region  is  one  in  which  repeated  dynamic 
movements,  accompanied  by  great  outbursts  of  igneous  material,  have 
occurred  until  late  in  Paleozoic  time. 

SECTION  II.      THE  MIDDLE   ATLANTIC   STATES. 
LITERATURE   OF  NEW  YORK. 

Pierce,88  in  1818,  describes  the  nucleus  of  Staten  island  as  consist- 
ing of  steatite,  which  stamps  the  formation  as  Primitive. 

Akerly,89  in  1820,  describes  a  section  running  from  Long  Branch,  in 
New  Jersey,  northward  to  New  Marlboro,  Ulster  county,  New  York. 
The  rocks  included  are  divided  into  principal  rocks,  metalliferous  rocks, 
basaltic  rocks,  and  alluvial  formations,  which  correspond  to  the  Ger- 
man terms  Primitive,  Transition,  Floetz,  and  Alluvial.  Staten  island 
has  a  rocky  base  composed  of  the  magnesian  order  of  rocks,  consisting 
of  serpentine,  steatites  or  soapstones.  Hoboken  is  of  the  same  nature 
as  Staten  island.  The  Highlands  of  New  York  consist  of  granitic 
rocks  belonging  to  the  primitive  class.  Gneiss  and  micaceous  schist 
are  the  most  prominent;  but  granite,  properly  speaking,  also  enters  into 
the  composition.  The  commencement  or  termination  of  any  of  these 
rocks  has  not  been  found,  and  as  they  graduate  into  one  another  they 
are  considered  the  same  formation.  At  Hell  Gate  the  rocks  are  gneiss 
and  micaceous  schist.  The  northern  part  of  New  York  island  is  of  the 
primitive  formation  and  includes  granite,  gneiss  and  limestone.  Crys- 
talline limestone  is  also  found  at  other  points.  All  these  rocks  are 
placed  in  the  primitive  formation  and  they  contain  no  organic  remains. 
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Jessup,90  in  1821,  describes  in  Essex  county,  in  the  vicinity  of  lakes 
George  and  Champlain,  rocks  of  the  primitive  class,  including  trap, 
syenite  and  carbonate  of  lime. 

Eaton,91  in  1822,  describes  as  occurring  in  the  Highlands  of  the 
Hudson,  without  reference  to  order  of  time,  gneiss,  hornblende  rocks 
and  argillite.    The  gneiss  appears  to  be  the  center  or  oldest  formation. 

Eaton,92  in  1824,  describes  the  rocks  adjoining  the  Erie  canal. 
Among  the  primitive  rocks  are  placed  granite,  gneiss,  hornblende  rock, 
mica-slate,  talcose  rock,  granular  quartz,  granular  limerock,  sparry 
lime  rock  and  primitive  argillite,  which  are  described  as  occurring  at 
numerous  localities.  There  are  two  primitive  districts,  that  in  south- 
eastern New  York  and  that  west  of  lake  Champlain,  called  Macomb 
mountains. 

Emmons  (E.),93  in  1837,  describes  granite  and  gneiss  as  having  a  wide- 
spread occurrence  in  the  northeastern  part  of  the  state.  The  granitic 
nucleus  of  Essex  county  is  traversed  by  dikes  of  greenstone  of  igneous 
origin,  and  the  granite  is  considered  to  have  the  same  genesis.  Gneiss, 
hornblende  and  granular  limestone  are  classed  together  as  primitive 
rocks  and  regarded  as  absolutely  of  the  same  age.  Above  the  primi- 
tive rocks  is  a  transition  sandstone,  superimposed  upon  which  is  a 
transition  limestone.. 

Conrad,94  in  1837,  describes  at  the  base  of  the  Mohawk  valley  ridges 
of  gneiss  which  are  regarded  as  a  prolongation  of  the  northern  primary 
chain.     Upon  the  gneiss  is  found  calcareous  sandstone. 

Mather,95  in  1838,  mentions  gneiss  on  Long  island;  granite  and  ser- 
pentine on  Staten  island ;  and  granite,  gneiss  and  granular  quartz  in 
the  southeast  part  of  Dutchess  county.  In  the  serpentine  was  observed 
a  trap  rock. 

Emmons  (E.),96  in  1838,  states  that  in  St.  Lawrence  and  Essex  counties 
are  found  Primitive  rocks.  The  stratification  of  the  gneiss  is  often  ob- 
scure and  its  texture  confusedly  crystalline.  Subordinate  to  it  and 
mingled  with  it  is  granite,  which  occurs  in  beds  and  protruded  masses 
in  the  forms  of  veins  and  in  overlying  masses  analogous  to  lava  cur- 
rents and  greenstones.  In  St.  Lawrence  county  is  a  widespread  gran- 
ite composed  of  labradorite,  feldspar  and  hypersthene,  which  is  trav- 
ersed by  dikes  of  greenstone,  amphibolite,  syenite,  and  porphyry.  As- 
sociated with  the  gneiss  and  limestone  are  numerous  beds  of  magnetite 
and  hematite.  The  transition  rocks  of  Essex  county,  such  as  lime- 
stones and  shales,  are  cut  by  dikes  and  veins.  The  primitive  lime- 
stone is  always  coarse,  crystalline  and  friable.  It  occurs  in  most 
intricate  and  curious  relations  to  the  granite  and  hypersthene  rock, 
many  of  its  areas  being  in  vein-like  form.  This  fact,  combined  with 
the  presence  of  foliated  plumbago  and  the  induration  of  sandstone 
when  in  contact  with  the  limestone,  leads  to  the  conclusion  that  it  is 
of  igneous  origin. 

Vanuxem,97  in  1838,  finds  Primitive  rocks  in  Montgomery,  Herki- 
mer and  Oneida  counties. 
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Mather,38  in  1839,  describes  the  rocks  of  New  York,  Westchester 
and  Putnam  counties  as  comprising  granite,  gneiss,  mica-slate,  quartz 
rock,  talcose  slate,  limestone,  syenite,  serpentine,  steatite,  augite  rock, 
greenstone,  the  latter  traversing  the  other  rocks  like  veins  or  being 
interstratified  with  them.  The  gneiss  and  granitoid  rocks  are  distinctly 
stratified,  as  is  also  the  limestone. 

Horton,"  in  1839,  describes  the  Primitive  rocks  of  Orange  county 
as  less  regular  in  stratification  and  dip  along  the  banks  of  the  Hud- 
son and  at  their  western  margin  than  in  their  center.  The  strike  of 
the  primitive  gneiss  is  about  northeast  and  southwest,  with  a  dip  to 
the  southeast  from  45°  to  nearly  vertical.  Interstratified  among  the 
primitive  rocks  are  hornblende  rock  and  white  limestone.  Argillite  is 
placed  with  the  transition  formations. 

Gale,100  in  1839,  finds  that  the  rocks  of  New  York  county  are  chiefly  a 
gneiss,  associated  with  which  as  subordinate  rocks  are  serpentine,  horn- 
blende, primary  limestone  and  anthophyllite  rock.  On  the  western  side 
of  the  island  the  gneiss  so  abounds,  with  the  veins  of  granite  parallel  with 
the  strata,  that  in  many  places  they  constitute  the  chief  material.  At 
Kings  bridge  the  limestone  at  its  junction  with  the  gneiss  retains  the 
structure  of  that  rock  with  the  mineral  matter  of  limestone,  but  the 
pure  limestone  is  in  beds  without  stratification. 

Emmons  (E.),101  in  1839,  describes  Primitive  rocks  in  Hamilton,  Clin- 
ton and  Warren  counties.  The  primitive  rocks  are  gneiss,  hornblende, 
limestone  and  serpentine.  The  limestone  and  serpentine  occur  in  irreg- 
ular veins  or  beds,  which  are  sometimes  analogous  to  greenstone  dikes 
so  prevalent  in  the  hypersthene  rocks. 

Emmons  (E.),102  in  1840,  states  that  the  magnetic  iron  ore  occurs  asso- 
ciated with  granite,  gneiss  and  hypersthene  rock  in  veins  whicn  are 
regarded  as  of  igneous  origin.  The  specular  oxide  occurs  in  two  hori- 
zons, the  first  associated  with  the  primary  limestone,  the  second  with 
gneiss  or  some  other  primary  rock  beneath  it. 

Yanuxem,103  in  1840,  states  that  the  primary  rocks  which  are  defined 
as  earlier  than  any  which  bear  organic  bodies  in  Lewis  county  consist 
mostly  of  granite  and  gneiss,  but  are  associated  with  amphibolite  or 
hornblende,  forming  syenite  and  hornblende  rock.  The  Potsdam  sand- 
stone rests  unconformably  upon  the  primary  rocks.  There  is  a  great 
contrast  between  the  two  classes,  the  latter  presenting  a  disturbed 
appearance,  exhibiting  high  grades  of  inclination,  while  those  of  the 
transition  are  like  the  deposits  of  tranquil  waters. 

Mather,104  in  1841,  states  that  the  primitive  rocks  occupy  two-fifths 
of  Saratoga  and  one-fifth  of  Washington  county,  being  mostly  gneiss 
and  granite,  although  coarsely  crystalline  white  limestone  containing 
plumbago,  augite  and  hornblende  is  a  common  rock. 

Emmons  (E),105  in  1841,  mentions  primary  limestone  at  lake  Janet, 
gneiss  at  Long  lake,  and  on  Racket  river  hypersthene  rock. 

Emmons  (E.),106  in  1842,  gives  a  report  on  the  entire  Adirondack 
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region.  The  older  rocks  are  classified  under  primary  and  transition. 
There  are  few  transitions  from  the  primary  into  the  sedimentary  rocks. 
There  are,  however,  many  transitions  among  the  primary  masses  them- 
selves, and  often  intermediate  series  are  found  which  are  with  difficulty 
placed  under  appropriate  names.  The  primary  rocks  are  divided  into 
unstratified,  stratified  and  subordinate.  Among  the  unstratified  rocks 
are  included  granite,  hypersthene  rock,  primitive  limestone,  serpentine 
and  rensselaerite.  The  stratified  rocks  include  gneiss,  hornblende, 
syenite,  talc  or  steatite ;  the  subordinate  rocks  include  porphyry,  trap, 
magnetic  and  specular  oxides  of  iron. 

The  granites  occupy  a  comparatively  small  extent  in  the  region, 
being  in  limited  patches  of  irregular  appearance.  One  of  the  largest 
beds  of  granite  is  about  G  miles  long.  In  one  place  granite  and  lime- 
stone are  somewhat  intermingled.  The  hypersthene  rock  occupies  a 
triangular  area  to  which  it  is  almost  wholly  confined,  but  it  constitutes 
almost  the  entire  county  of  Essex,  with  the  exception  of  a  belt  a  few 
miles  in  width  along  the  shore  of  the  lake.  Under  primitive  limestone 
is  included  a  coarse,  crystalline  mass,  readily  recognized  as  a  minera- 
logical  species,  but  as  a  rock  not  holding  a  definite  place  in  the  pri- 
mary series.  This  rock  is  believed  to  be  unstratified  and  of  igneous 
origin,  as  is  shown  by  its  occurrence  in  dike-like  forms  and  its  asso- 
ciation with  eruptive  rocks,  the  imbedded  minerals  being  of  such  a 
character  as  would  be  produced  by  metamorphism.  Also  limestone 
produces  a  metamorphosing  effect  upon  the  minerals  imbedded  in  it, 
is  always  without  stratification,  often  underlies  granite,  and  is  so  inti- 
mately associated  with  it  as  to  make  it  probable  that  the  two  have  a 
common  origin.  Serpentine  intimately  associated  with  the  limestone 
has 'an  origin  common  with  it. 

The  stratified  rocks  have  a  much  wider  occurrence  than  the  massive 
ones.  Of  these  gneiss  is  by  far  the  most  important.  Syenite  is  ap- 
plied to  a  stratified  rock  composed  of  feldspar  and  hornblende.  It 
often  occurs  injected  in  the  form  of  dikes  and  associated  with  beds  of 
iron  ore  and  is  in  part  an  igneous  rock.  Trap  includes  dark-colored 
igneous  rocks,  which  cut  the  various  other  primitive  formations.  These 
are  compared  with  mineral  veins,  and  because  the  former  is  eruptive 
the  latter  is  concluded  to  have  a  probably  similar  origin.  Porphyry  is 
also  found  in  igneous  forms.  Magnetic  and  specular  oxides  of  iron  oc- 
cur as  masses  and  as  veins.  They  are  sometimes  apparently  inter- 
stratified  with  rocks  with  which  they  are  associated,  but  often  also 
break  across  the  strata.  In  their  mode  of  occurrence  they  resemble 
trap,  greenstone,  and  porphyry,  and  are  therefore  regarded  as  of 
igneous  origin.  Between  the  primary  and  transition  systems  is  the 
Taconic  system. 

Vanuxem,107  in  1842,  describes  the  primary  system  as  occurring  in 
the  northern  parts  of  Montgomery  and  Herkimer  counties,  the  north- 
east corner  of  Oneida,  and  the  whole  of  Lewis  county  east  of  Black 
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river.  This  system  consists  wholly  of  granite  arid  gneiss,  with  which 
is  associated  a  small  quantity  of  limestone  and  iron  ore.  Primary 
rocks  occur  isolated  in  the  New  York  system;  the  first  at  the  Noses  on 
the  Mohawk ;  the  second  at  the  little  falls  of  the  Mohawk ;  the  third 
at  Middleville.  With  the  Taconic  system  are  placed  a  lamellar  white 
crystalline  limestone,  with  specular  iron  ore  and  compact  red  iron  ore 
and  plumbaceous  rocks  in  Lewis  county. 

Mather,108  in  1843,  gives  a  systematic  account  of  the  geology  of  the 
first  district,  comprising  the  southern  part  of  the  state.  The  Potsdam 
sandstone  is  at  the  base  of  the  unmodified  series.  In  places  it  is  meta- 
morphic  and  has  more  or  less  the  aspect  of  gneiss  ;  at  other  times  it  is 
in  an  intermediate  state,  showing  rounded  gravel  and  sand.  The  dips 
are  usually  eastward  at  from  5°  to  20°,  but  in  the  Hudson  valley 
it  is  upturned  with  other  rocks  at  a  high  angie  toward  the  east. 
The  Taconic  system  consists  of  slates,  limestones,  and  granular  quartz 
rocks,  which  form  a  belt  of  mountainous  country  from  Vermont  to 
Peekskill  on  the  Hudson  and  a  narrow  belt  across  the  Highlands  to 
the  mouth  of  Peekskill  creek.  They  are  again  found  on  the  right  bank 
of  the  Hudson,  between  Stony  point  and  Caldwells  landing,  and  range 
south- southwest  until  they  disappear  beneath  the  red  sandstone  forma- 
tion. The  strike  and  dip  of  the  rocks  of  this  system  are  the  same  as 
those  of  the  Ghamplain  division  and  apparently  underlie  them.  The 
dip  is  in  a  general  easterly  course,  varying  from  15°  to  90°.  As  to  the 
superposition  of  the  formations  the  granular  quartz  either  rests  upon 
or  pitches  under  the  gneiss  or  granitic  rocks.  The  limestones  lie  next 
in  order  from  the  gneiss  or  granite,  either  in  super  or  sub  position,  and 
the  slates  next  follow.  This  may  be  found  difficult  of  verification,  as 
the  rocks  are  almost  universally  much  deranged  from  their  original 
position.  Many  local  details  are  described,  and  it  is  concluded  that 
the  Taconic  system  represents  the  Ohamplain  division  metamorphosed. 
In  favor  of  this  position  are  the  facts  that  the  succession  is  the  same; 
that  both  of  these  systems  are  superimposed  upon  the  primary  without 
any  intervening  strata;  the  unmodified  beds  are  traced  into  those  that 
are  metamorphic ;  and  the  places  where  the  rocks  are  most  metamor- 
phic  are  those  where  there  are  intrusives  and  have  been  upheavals. 

Under  the  head  metamorphic  rocks  are  described  such  rocks  as  are 
not  included  in  the  foregoing,  and  which,  while  there  is  no  demonstra- 
tive evidence  of  it,  are  regarded  as  originally  sedimentary  rocks,  which 
have  since  been  altered  in  their  character  so  as  to  change  them  into 
such  rocks  as  have  usually  been  called  primary.  The  metamorphic 
rocks  are  divided  into  two  divisions,  those  east  of  the  Highlands  of 
the  Hudson,  and  those  of  the  Highlands  of  Saratoga  and  Washington 
counties.  In  the  first  district  the  limestones  are  granular,  dolomitized 
and  stratified.  The  slates  are  talco- argillaceous,  talcose,  chloritic  or 
micaceous,  the  last  predominating;  and  the  sandstones  are  changed 
into  granular  quartz  rock,  eurite,  and  gneiss.     In  the  second  district 
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the  limestones  are  changed  to  white  or  red,  coarse  grained,  crystalline 
limestone,  containing  various  crystallized  minerals,  with  scales  of 
plumbago,  and  rarely  show  any  traces  of  stratification.  The  slate  is 
changed  to  mica-slate,  micaceous  gneiss  or  hornblende-slate,  and  the 
quartz-rock  is  changed  so  as  to  be  scarcely  recognized  as  such.  In  the 
first  class,  also,  the  intrusive  rocks  bear  but  a  small  proportion  to  the 
altered  rocks  and  are  mostly  quartz  and  granite,  but  in  the  second 
class  the  undoubted  plutonic  rocks  abound  and  consist  of  granite, 
syenite,  greenstone,  augite,  serpentine,  diallage,  and  intrusive  metal- 
liferous veins. 

The  metamorphic  rocks  east  of  the  Hudson  and  Highlands  are  in  a 
continuous  range  from  Bennington  in  Vermont  to  the  w^est  part  of 
Massachusetts  and  Connecticut  and  the  eastern  part  of  New  York. 
Between  the  Taconic  rocks  and  the  metamorphic  rocks  to  the  east  no 
well  marked  line  of  distinction  can  be  drawn,  as  they  blend  into  each 
other  by  insensible  shades  of  difference.  In  considering  the  metamor- 
phic rocks  as  a  whole  the  descriptions  necessarily  include  certain  of  the 
Taconic  rocks.  The  strata  of  metamorphic  rocks  are  very  much  broken, 
so  that  no  stratum  has  been  traced  continuously  more  than  a  few  miles. 
The  only  beds  which  can  be  traced  with  any  degree  of  success  are  the 
limestones,  which  are  described  in  detail.  The  limestones  of  Westches- 
ter county  have  the  same  dip  and  line  of  bearing  as  the  contiguous 
gneiss,  and  like  that,  are  distinctly  stratified.  They  form  several  nearly 
parallel  ranges  at  intervals  of  2,  3,  or  4  miles.  They  all  dip  east-south- 
east, with  local  exceptions,  at  a  high  angle,  varying  from  45°  to  90°. 
The  metamorphic  slates  of  Dutchess,  Putnam,  Westchester,  and  New 
York  counties  have  been  traced  in  different  localities  through  different 
modifications  and  texture  from  the  gray  and  semicrystalline  limestones 
associated  with  talcose  slate  and  the  sandstone  of  the  Taconic  system, 
to  the  perfect  dolomites  and  white  and  gray  crystalline  marbles  asso- 
ciated with  mica- slate  and  granular  quartz-rock,  north  of  the  High- 
lands ;  and  to  still  more  crystalline  limestones  associated  with  mica- 
slate,  micaceous  gneiss,  hornblende- slate,  hornblendic  gneiss,  horn- 
blende-rock, syenite  and  granite,  south  of  the  Highlands.  In  these 
latter  limestones  are  frequently  found  some  mineral  substances,  such 
as  serpentine,  brown  tourmaline,  copper  and  iron  pyrites,  magnetic 
sulphuret  of  iron,  mica  and  magnesian  minerals,  particularly  where 
near  to  undoubted  plutonic  rocks.  It  is  believed  that  all  the  crystal- 
line limestones  of  Vermont,  Massachusetts  and  Connecticut  and  the 
eastern  part  of  New  York,  are  metamorphic  rocks;  *hat  they  were  origi- 
nally the  Mohawk  limestone  and  Calciferous  limestone,  and  that  the 
associated  rocks  were  originally  the  Potsdam  sandstone  and  the  slate 
rocks  of  the  Hudson  valley ;  that  they  were,  in  fact,  the  rocks  of  the 
Okamplain  division,  but  much  more  altered  and  modified  by  metamor- 
phic agency  than  the  Taconic  rocks. 

In  the  study  of  the  metamorphic  rocks  of  the  Highlands  and  Sara- 
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toga  county,  as  in  the  other  district,  most  attention  is  given  to  the 
limestones.  At  Warwick  the  white  limestone  is  rarely  stratified  or 
shows  any  distinct  traces  of  stratification,  but  in  some  places  it  exhib- 
its a  regular  gradation  into  the  gray  and  blue  limestone,  which  is  fos- 
siliferous  in  some  places  and  oolitic  in  others,  and  stratified  in  nearly 
horizontal  strata.  The  limestones  of  the  Highlands  of  Orange,  Kock- 
land,and  Putnam  counties  are  in  long  narrow  belts  associated  with  the 
granite,  syenite,  hornblende  and  augite  rocks  and  some  anomalous  ag- 
gregates. The  limestones  of  Washington  county  are  coarse,  white  and 
crystalline.  They  contain  various  imbedded  crystalline  and  amorphous 
minerals,  the  most  common  of  which  are  plumbago,  augite,  and  horn- 
blende. Hornblende,  coccolite,  and  plumbago  are  the  most  constant 
associates.  Scapolite  is  not  uncommon.  In  some  places  the  limestone 
is  so  much  intermixed  with  other  materials  found  in  the  gneissoid  and 
granitic  rocks,  that  without  close  examination  it  would  not  be  sus- 
pected as  a  limestone.  Quartz  is  frequently  found  in  it,  transparent  or 
translucent,  with  irregular,  rounded  forms,  as  if  it  had  been  partially 
melted.  Many  localities  that  I  have  visited  show  that  it  has  been  soft- 
ened, if  not  melted.  The  similarity  of  the  crystalline  limestones  of  the 
northern  counties  to  the  crystalline  phases  of  those  at  Warwick  which 
grade  unmistakably  into  fossiliferous  forms  leads  to  the  conclusion  that 
they  are  all  really  the  same  rock.  The  limonitic  and  hematitic  ores  are 
confined  to  the  valleys  of  the  Taconic  and  metamorphic  rocks  and  are 
usually  associated  with  talcy  slate  on  one  side  and  limestone  on  the 
other. 

Under  Primary  rocks  are  included  those  usually  called  by  that  name 
and  those  not  yet  described  as  Taconic  or  metamorphic,  though  some 
of  them  are  probably  of  the  same  age  as  the  metamorphic  rocks.  This 
is  particularly  the  case  with  the  plutonic  rocks,  as  granites,  syenites, 
hornblende  rocks,  some  of  the  trappean  rocks,  and  the  metalliferous 
beds  and  veins  which  have  intruded  themselves  among  and  altered 
the  adjacent  rocks.  The  hornblendic  gneiss,  micaceous  gneiss,  and 
mica-slate  may  perhaps  be  referred  to  the  same  period.  The  primary 
rocks  in  the  different  districts  are  very  similar.  They  include  granite, 
syenite,  gneiss,  mica-slate,  augite-rock,  greenstone,  hornblende  rocks, 
quartz  rock,  talcose  slate,  limestone,  serpentine,  and  steatite,  although 
the  last  five  have  been  already  included  among  the  metamorphic  rocks. 
In  Eockland  and  Orange  counties  the  strata  dip  to  the  southeast  at 
angles  from  50°  to  90°,  but  there  are  localities  where  the  strike  and  dip 
are  transverse  to  the  general  directions.  Granite  veins  are  very  nu- 
merous in  the  granitic  gneiss ;  the  greenstones  include  basaltic  green- 
stone or  trap,  granular  greenstone,  and  primitive  greenstone.  Asso- 
ciated with  the  primary  rocks  is  magnetic  oxide  of  iron,  confined  to  the 
southern  counties  of  the  Highlands  and  forming  masses  in  gneiss  and 
hornblendic  gneiss  rocks  which  might  be  called  beds,  but  which  are 
thought  to  be  veins.     Their  course  is  parallel  to  the  layers  of  rock,  but 
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in  several  instances  after  continuing  with  this  parallelism  for  a  certain 
distance  the  ore  crosses  a  stratum  of  rocks  and  then  resumes  its  paral- 
lelism, and  then  obliquely  crosses  another,  and  so  on.  Also  in  other 
places  where  there  are  great  beds  of  ore,  a  few  small  strips  of  ore  pene- 
trate the  surrounding  rocks  as  if  they  have  been  cracked  asunder  and 
these  seams  forced  up  from  the  main  mass  below. 

The  rocks  that  are  most  metamorphosed  are  usually  near  granite, 
syenite,  trap,  quartzose  and  metalliferous  protrusions,  dikes  and  veins. 
It  is  believed  that  trappean  injections  took  place  as  late  as  the  time  of 
the  red  sandstone  of  New  Jersey.  The  granitic,  syenitic  and  augitic 
rocks  appear  to>  belong  to  the  epoch  immediately  preceding  the  slates 
and  grits  of  the  Champlain  division,  since  they  have  altered  the  pre- 
existing rocks  where  they  come  in  contact  up  to  that  time,  but  no  traces 
of  such  changes  are  found  in  the  more  recent  rocks.  Another  intrusion 
of  granite  is  believed  to  have  preceded  the  red  sandstone  of  Eocklaiid 
and  New  Jersey,  being  probably  more  recent  than  the  rocks  of  the 
Catskill  division. 

Gozzens,  Jr.,109  in  1843,  divides  the  rocks  of  Long  island  into  gran- 
ite, syenite,  serpentine,  mica-gneiss,  hornblende  slate,  quartz  rock, 
primitive  limestone  and  diluvium.  The  distribution  of  all  is  given. 
At  the  Palisades,  on  the  west  side  of  the  Hudson  river,  the  section 
from  the  base  up  is  granite,  serpentine  (different  from  that  at  Long 
island),  sandstone,  greenstone-slate  and  trap.  The  section  of  Staten 
island  from  the  base  upward  is  granite,  serpentine,  sandstone,  trap  or 
greenstone,  beds  of  iron  ore  and  diluvium.  At  Donderberg  the  section 
is  granite,  gneiss,  talcose  slate,  limestone  (called  transition  limestone) 
and  brick  clay. 

Emmons  (E.),110  in  1846,  gives  a  systematic  treatment  of  the  char- 
acter and  relations  of  the  Taconic  system.  The  Taconic  system  is 
held  to  be  below  the  New  York  system,  because  the  base  of  the  latter 
is  perfectly  schistose,  like  that  of  the  former,  and  because  the  mate- 
rial of  the  New  York  system  is  derived  from  the  Taconic.  Again, 
contacts  between  the  Taconic  system  and  the  calciferous  sandstone 
and  Hudson  river  shales  show  that  the  former  are  unconformably 
below  the  rocks  of  the  New  York  system.  As  evidence  that  the 
Taconic  system  is  newer  than  the  primary  rocks  is  the  occurrence  of 
porphyritic  quartz  of  the  Taconic  upon  gneiss.  It  is,  then,  not  to  be 
doubted  that  there  is  a  system  of  rocks  lying  between  the  Hoosac 
mountain  range  and  the  Hudson  river  of  an  age  posterior  to  the  gneiss 
and  mica-slate  and  anterior  to  the  New*  York  system.  It  consists 
throughout  of  beds  of  sedimentary  matter  in  a  state  of  fine  division 
conformable  to  each  other  and  arranged  in  uninterrupted  succession, 
although  their  lithological  characters  are  very  diverse.  The  Taconic 
system  comprises  the  Taconic  slate-bearing  fossils,  the  Sparry  lime- 
|  stone,  the  Stockbridge  limestone  and  the  brown  sandstone  or  granu- 
lar quartz.    The  primary  limestone  carries  graphite,  and  on  this  account 
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can  always  be  distinguished  from  Stockbridge  limestone;  also  other 
minerals,  such  as  spinel,  sapphire,,  idocrase,  hornblende,  pyroxene, 
ehondrodite,  and  mica,  are  found  plentifully  in  the  primary,  but  do  not 
occur  in  the  Stockbridge.  The  rocks  of  the  Taconic  system  are  in- 
verted, greatly  disturbed,  and  their  relations  with  the  underlying  and 
overlying  rocks  are  obscure,  so  that  the  true  structure  can  only  be 
ascertained  by  most  careful  examination. 

Credner,111  in  1865,  states  that  the  island  of  New  York  and  the  east 
part  of  Long  island  consist  of  gneiss,  which,  toward  the  north,  con- 
tains hornblende-gneiss,  hornblende-schist,  syenite,  and  hypersthenite, 
and  in  the  last  two  are  magnetite.  The  northern  hilly  part  of  Staten 
island  consists  of  dioritic  rocks,  of  serpentine,  with  layers  of  soap- 
stone. 

Macfarlane,112  in  1865,  describes  the  rocks  in  the  neighborhood  of 
Rossie  as  belonging  almost  exclusively  to  the  Laurentian  formation, 
which  is  here  and  there  unconformably  overlain  by  patches  of  Pots- 
dam sandstone.  The  rocks  here  found  comprise  micaceous  and  horn- 
blendic  gneiss,  mica-schist,'  gneiss-granite,  granite,  tourmaline  rock, 
coarsely  granular  saccharoidal  crystalline  limestone,  and  diorite.  The 
strata  are  in  an  almost  vertical  position. 

Stevens,113  in  1867,  describes  New  York  island  as  consisting  in  the 
main  of  gneiss,  in  which  lie  veins  and  beds  of  granite,  anthophyllite, 
and  hornblende.  The  granite  occurs  in  veins  generally  coincident  with 
the  gneiss,  but  also  in  massive  beds  which  lie  across  the  strata.  At 
times  it  is  distinctly  separated  and  in  others  insensibly  blends  into  the 
gneiss.  The  hornblende  and  anthophyllite  occur  like  the  granite. 
Limestone  occurs  at  several  points  and  is  interlaminated  and  folded 
with  the  gneiss.  This  New  York  group  of  rocks  is  like  and  regarded 
as  equivalent  to  Emmons's  Taconic.  For  it  is  proposed  the  name  Man- 
hattan group. 

Dana,78  in  1872,  describes  the  mica-schist  of  Poughquag  as  underly- 
ing conformably  the  Stockbridge  limestone.  The  mica-schist  is  under- 
lain conformably  by  the  gneiss  of  the  'Taconic  series.  Besides  the 
limestones  and  Taconic  schists  and  gneiss,  there  is  near  Poughquag, 
in  still  more  intimate  connection  with  the  quartzite  rocks  of  Azoic  age, 
a  continuation  of  the  highlands  of  New  Jersey,  which  are  probably 
Laurentian.  But  as  this  point  is  not  definitely  settled,  and  since  the 
term  Azoic  has  been  ruled  out  by  facts  proving  that  the  era  was  not 
throughout  destitute  of  life,  it  is  proposed  to  use  for  the  Azoic  era  and  its 
rocks  the  general  term  Arclttuan  (or  Archean).  These  Archean  rocks, 
coarsely  crystalline  gneisses,  are  exposed  in  a  deep  cut  on  the  Hartford 
and  Fishkill  railroad.  The  quartzite  formation  of  this  region  shows  no 
conform  ability  to  the  Archean  gneiss,  and  none  to  the  gneiss,  mica- 
schist,  or  limestone  of  the  Taconic  series.  The  nearly  horizontal  beds 
of  quartzite  lie  on  the  nearly  vertical  Archean,  and  both  occur  within 
a  few  hundred  yards  of  the  steeply  inclined  Taconic  beds. 
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Leeds,114  in  1878,  describes  the  rocks  of  the  Adirorfdacks.  They  arc 
found  to  be  stratified  rocks  which  belong  in  the  Norhin  system,  are 
composed  of  hypersthene  and  diallage,  and  labradorite  with  menac- 
canite. 

Dana,115  in  1880  and  1881,  considers  the  geological  relations  of  the 
limestone  belts  of  Westchester  comity.  The  rocks  here  found  are 
divided  into  metamorphic  rocks,  not  calcareous ;  calcareous  rocks  or 
limestones;  serpentines  and  other  hydrous  minerals;  augitic  and 
hornblendic  rocks  not  above  included.  Of  metamorphic  rocks  the 
prevalent  kinds  are  micaceous  gneiss,  mica-schist,  ordinary  gneiss,  and 
granitoid  gneiss.  The  calcareous  rocks  are  white  and  coarsely  crystal- 
line, although  locally  they  are  feebly  crystalline.  The  hornblendic  and 
augitic  rocks  constituting  the  Oortlandt  series  include  soda  granite, 
norite,  augite-norite,  diorite,  hornblendite,  pyroxenite,  and  chrysolitic 
kinds.  These  rocks  are  held  to  be  conformable  with  a  part  of  the  ad- 
joining schists  and  limestone,  which  are  of  metamorphic  origin,  although 
they  may  have  been  in  a  former  state  of  fusion  or  plasticity.  The  lime- 
stones and  adjoining  schists  are  found  to  be  one  in  series  and  system 
of  disturbance,  are  considered  a  part  of  the  Green  mountain  system, 
younger  than  the  Highland  Archean,  and  probably  Lower  Silurian. 
At  Annsville  there  is  evidence  of  unconformity  between  the  Archean 
and  this  series.  The  limestone  here  lies  unconformably  against  the 
hornblendic  contorted  Archean  gneiss.  A  similar  unconformity  exists 
half  a  mile  northeast,  although  the  upturning  of  the  limestone  and  its 
associated  schist  has  usually  placed  them  in  near  conformity  to  the 
strike  of  the  Archean  rocks. 

Dana,116  in  1882,  ascertained  that  a  large  part  of  the  rocks  referred 
to  the  Taconic  range  are  shown  by  their  fossiliferous  contents  to  be 
Silurian  and  the  equivalent  of  the  Hudson  river  group,  although  it  is 
not  asserted  that  all  of  the  hydromica-schists  do  belong  here.  A  part 
are  Primordial. 

Newberry,117  in  1882,  states  that  the  mottled  serpentine  of  New 
York  island  is  like  the  Moriah  marble  of  the  Adirondack  region,  which 
affords  strong  indication  of  a  Laurentian  age  of  the  New  York  and 
Staten  Island  rocks. 

Hunt,118  in  1883,  describes  near  port  Henry  coarsely  crystalline  lime- 
stones in  the  highly  inclined  Laurentian  gneisses,  in  which  are  inclosed 
irregular  masses  and  layers  of  the  adjacent  gneiss.  Although  re- 
garded by  Emmons  and  Mather  as  eruptive  and  by  another  eminent 
geologist  as  evidence  that  the  crystalline  limestone  unconformably 
overlies  the  gneiss,  it  is  believed  to  be  a  great  calcareous  vein  stone. 
The  Norian,  massive,  bedded,  labradoritic  rocks  are  well  displayed  be- 
tween Westport  and  port  Kent. 

Dana,119  in  1884,  finds  that  the  hornblendic  and  augitic  rocks  of  the 
Cortlandt  series  have  such  relations  to  the  schists  as  to  show  that  they 
are  of  igneous  origin,  the  eruptions  taking  place  subsequent  to  the  era 
of  the  limestone,  mica-schist,  and  soda-granite. 
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Hall  (Ghas.  E.),120  in  1885,  states  that  between  the  limestones  and 
the  magnetic  ore  series  or  lower  members  of  the  Lanrentian  there 
is  an  undoubted  unconformity;  but  the  relations  of  the  Labrador  series 
to  the  limestone  are  not  clear.  In  ascending  order  are  the  Lower  Lan- 
rentian or  Magnetic  Iron  Ore  series;  the  Lanrentian  Sulphur  Ore  se- 
ries; the  limestones  and  the  Labrador  series,  or  Upper  Lanrentian  with 
its  Titanic  Iron  Ores.  The  relations  of  the  sulphur  ores  and  limestone 
series  are  still  undetermined.  Between  fort  Ann  and  South  bay,  along 
the  east  side  of  the  valley,  the  Silurian  limestones  lie  against  and  ap- 
parently dip  under  the  crystalline  rocks  of  the  Lanrentian.  The  Pots- 
dam sandstone,  resting  on  the  crystalline  rocks  of  the  valley,  dips  to 
the  eastward  under  the  Silurian  limestones. 

Britton,121  in  1886,  states  that  a  schistose  series  of  crystalline  rocks 
occurs  in  the  Adirondacks.  It  consists  of  schistose  gneiss,  mica-schist, 
and  hornblende-schist,  and  occurs  north  of  Harrietstown  and  near  the 
northern  end  of  the  Lower  Saranac  lake.  Norite  occurs  at  Miller's 
hotel,  about  a  mile  distant. 

Julien,122  in  1886,  states  that  the  borders  of  the  Adirondack  region 
consist  very  largely  of  thinly  bedded  gneisses,  especially  to  the  east- 
ward. 

Smock,123  in  1886,  describes  the  crystalline  rocks  of  Dutchess,  Put- 
nam, and  Westchester  counties.  This  district  is  divided  into  four  belts, 
Stissing  mountain,  East  or  Dover  mountain,  Highlands  of  the  Hudson, 
and  Westchester  county.  The  prevailing  rocks  of  Stissing  mountain  are 
gneisses,  granites,  granulite,  and  syenite,  which  resemble  closely  those 
of  the  Highlands  of  the  Hudson.  The  rocks  of  the  East  mountain  com- 
prise  gneiss,  granite,  granulite,  quartz-syenite,  syenite- gneiss,  and  mica- 
schist  chiefly.  Between  the  quartzite  and  the  gneiss,  when  they  are 
seen  close  to  one  another,  is  a  want  of  conformability .  The  more  common 
of  the  rocks  of  the  Highlands  of  the  Hudson  are  gneiss,  syenite-gneiss, 
granite,  quartz-syenite,  granulite,  and  hornblende-schist.  The  Pough- 
quag-Fishkill  quartzite  is  found  to  rest  unconformably  upon  the  High- 
land gneisses,  the  discordance  being  best  seen  on  the  New  York  and 
New  England  Bailroad,  1  mile  west  of  West  Pawling  railroad  station. 
Here  the  quartzite  has  a  dip  of  15°  or  20°,  while  the  gneiss,  but  300  feet 
distant,  has  an  almost  vertical  inclination.  Belonging  with  the  Ar- 
chean  gneisses  are  limestones,  among  which  is  that  at  Sprout  brook. 
On  the  eastern  side  of  the  Highlands  the  Archean  border  has  the  mi- 
caceous, schistose  rocks  and  the  quartzites  resting  upon  it.  These 
relations  are  particularly  well  shown  at  Towner's  station.  Near  here 
the  limestones  and  schists  in  a  syncline  rest  unconformably  upon  the 
granulitic  gneiss.  Provisionally  the  rocks  of  the  Highlands  are  re- 
ferred to  the  Archean.  They  may  be  all  Lauren tian  also,  but  the  Huron- 
ian  has  not  been  identified.  In  Westchester  county  is  a  great  variety 
of  crystalline  rocks.  To  these  is  applied  the  name  Manhattan  gneiss, 
proposed  by  Hall.    These  rocks  are  less  massive  than  those  of  the 
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Highlands,  include  micaceous  gneiss  and  schist,  as  well  as  crystalline 
limestones,  and  to  the  ordinary  observer  are  more  like  the  common 
fragmental  rocks  than  the  massive  gray  granitoid  gneisses. 

Hall  (James),124  in  1886,  in  describing  the  building  stones,  includes 
in  the  Laurentian  rocks  the  granitic,  syenitic,  and  gneissoid  rocks,  as 
well  as  the  crystalline  marbles  which  are  everywhere  interstratifled  with 
the  gneiss  rocks,  but  usually  form  a  small  proportion  of  the  entire  mass. 

Williams,125  in  1886, 1887,  and  1888,  describes  the  peridotites,  norites, 
gabbros,  and  diorites  of  the  Oprtlandt  series  and  their  relations  to  the 
mica-schists  and  limestones.  They  are  regarded  as  eruptive  rocks  be- 
cause they  have  the  structure  and  mineralogical  composition  of  eruptive 
types ;  because  their  schistose  phases  have  nothing  which  suggests  an 
original  sedimentary  structure;  because  they  occur  in  well  defined  dikes 
in  other  massive  rocks,  in  mica-schists,  and  limestones ;  because  frag- 
ments of  crystalline  schist  and  limestone  are  found  inclosed  within  the 
massive  rocks;  and  because  contact  phenomena  are  found  in  the  crys- 
talline schists  and  limestones  adjoining  them. 

Britton,126  in  1887,  describes  the  serpentine  of  Staten  island  as  a 
stratified  rock  probably  derived  by  the  extensive  alterations  of  lime- 
stones. This  serpentine  appears  to  overlie  the  crystalline  limestones. 
These  metamorphic  rocks  with  the  gneisses  are  regarded  as  Archean. 

Kemp,127  in  1887,  describes  Manhattan  island  as  consisting  of  a  long 
ridge  of  gneiss,  with  Triassic  trap  and  sandstone  on  the  west  and  con- 
nected with  the  gneiss  of  the  mainland  on  the  north  and  south. 

Merrill,128  in  1890,  agrees  with  Britton  that  the  basal  member  of 
the  pre-Oambrian  of  southeastern  New  York  and  New  Jersey  is  a  grani- 
toid hornblende- gneiss,  which,  is  followed  by  a  second  member,  the  iron- 
bearing  group,  and  this  in  turn  by  the  schistose  group.  The  thick- 
ness of  the  pre-Oambrian  rocks  in  the  Hudson  river  valley  is  between 
2,300  and  2,800  feet.  They  are  unconformably  below  the  Cambrian 
quartzite  and  nothing  more  definite  can- be  predicted  as  to  their  age. 
These  rocks  display  a  number  of  anticlines,  two  of  which  are  those  at 
Fishkill  and  the  Storm  King.  In  the  synclinal  trough  between  are  the 
rocks  of  the  iron-bearing  group.  The  metamorphic  strata  of  New  York 
and  Westchester  counties,  called  the  Manhattan  group,  are  divided  into 
several  divisions  from  the  base  upward,  as  follows :  (1)  Yonkers  gneiss 
which  is  an  arkose-gneiss;  (2)  Fordham  gneiss,  a  quartzite-gneiss;  (3) 
Inwood  limestone;  and  (4)  Manhattan  mica-schists.  The  age  of  the 
M auhattan  group  has  not  been  determined,  but  it  is  thought  to  be  pre- 
Cambrian.  This  group  and  the  Lower  Cambrian  sandstone  are  t>oth 
found  to  lie  on  the  second  or  iron-bearing  member  of  the  pre-Oambrian 
formation,  and  no  unconformity  has  been  found  between  the  Manhat- 
tan group  and  the  underlying  pre-Oambrian  beds.  Of  equal  signifi- 
cance is  the  lack  of  unconformability  between  the  Lower  Silurian  strata 
of  Peekskill  hollow,  Tompkins  cove,  and  Verplanks  point  with  the  par- 
tially metamorphic  beds  of  the  Manhattan  group. 
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Pumpelly,  Walcott,  and  Yan  Hise,129  in  1890,  under  the  guid- 
ance of  Walcott,  who  had  seen  most  of  the  localities  before,  examined 
various  districts  on  the  eastern  side  of  the  Adirondacks  from  fort  Ann, 
south  of  Whitehall,  to  Westport.  The  peripheral  area  of  this  part  of 
the  Adirondacks  was  found  to  be  a  great  series  of  laminated  rocks, 
consisting  tor  the  most  part  of  white  and  red,  regularly  laminated 
gneisses,  very  frequently  garnetiferous,  and  in  lesser  quantity  of  gar- 
netiferous  quartz-schist,  crystalline  limestone,  graphitic  gneiss,  and 
beds  of  magnetic  iron  ore,  dipping  as  a  whole  at  rather  a  flat  angle 
toward  the  east  and  southeast.  The  garnetiferous  quartz-schists  were 
found  in  rather  persistent  beds.  A  graphite  mine  in  the  neighborhood  of 
Hague  is  a  layer  of  very  graphitic  gneiss,  comparable,  as  said  by  Wal- 
cott,  to  a  coal  seam  in  an  ordinary  bedded  succession.  Scales  of 
graphite  are  uniformly  disseminated  through  the  coarsely  crystalline 
limestone,  the  amount  often  being  very  considerable.  Below  the 
crystalline  limestone  is  a  coarse  black  hornblendic  gneiss,  the  contacts 
between  it  and  the  limestone  being  of  a  most  extraordinary  character. 
The  plane  between  them  is  one  of  great  irregularity.  In  the  limestone 
are  contained  numerous  fragments,  and  even  great  bowlders  of  the 
gneiss,  and  also  for  a  distance  of  some  feet  away  from  the  contact  are 
numerous  crystals  of  feldspar.  The  appearance  is  such  as  to  suggest 
very  strongly  that  here  is  an  unconformable  contact,  the  limestone 
being  deposited  along  an  encroaching  shore  line.  The  phenomena  are, 
however,  probably  due  to  the  breaking  up  of  layers  of  gneiss  and  veins  of 
pigmatite  by  powerful  dynamic  movements.  In  passing  from  West- 
port  within  a  short  distance  appeared  coarse  gabbro,  which  continued 
as  far  as  the  region  was  penetrated,  near  to  mount  Marcy.  This  rock 
in  the  interior  is  generally  massive,  but  on  its  outer  border  grades  into 
a  regularly  laminated  rock,  resembling  in  exposure  very  closely  the 
laminated  gneisses.  The  whole  is,  however,  clearly  an  eruptive  rock. 
Granite  was  seen  locally  associated  with  the  gneisses. 

Williams  and  Yan  Hise,130  in  1890,  examined  the  western  side  of 
the  Adirondacks.  Just  as  on  its  eastern  side,  there  was  found  a  pe- 
ripheral succession  of  regularly  laminated  gneisses  and  crystalline  lime- 
stones of  great  "thickness.  The  latter  is  particularly  well  seen  in  the 
neighborhood  of  Gouverneur.  The  contacts  between  the  limestones 
and  lower  gneiss  were  found  to  be  almost  identical  with  those  on  the 
eastern  side  of  the  mountains,  but  the  appearance  here  strongly  sug- 
gests that  the  relations  have  been  produced  by  interior  movements  of 
the  rocks,  the  irregular  contact  surface  being  a  contorted  one  as  a  re- 
suit  of  folding,  and  the  contained  fragments  broken  off  and  included  in 
the  limestone  by  means  of  dynamic  action.  The  interior  of  the  Adiron- 
dacks was  here  found  to  consist  of  gabbro,  in  every  respect  like  that 
on  the  east  side  of  the  mountains. 

In  passing  inward  from  the  gneissic  series  this  is  first  found  in  small 
quantity,  then  appears  more  and  more  abundant,  until  finally  it  be. 
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comes  predominant.  At  Bonaparte  lake  a  contact  of  the  gabbro  with 
the  limestone  was  found  which  showed  all  the  characteristics  of  an  in- 
trusive rock,  the  limestone  giving  evidence  of  contact  action.  There 
were  found,  both  in  the  limestone  and  in  the  gabbro  areas,  smaller  areas 
of  coarse  red  granite. 

As  a  result  of  fche  reconnaissance  it  was  concluded  as  probable  that 
the  Adirondack*  core  is  an  eruptive  basic  rock,  which  has  upthrust  and 
intruded  itself  within  the  gneissic  series.  Because  of  the  character  of 
the  gneissic  series,  containing  quartz-schist,  graphitic  schist,  and 
crystalline  limestone,  including  graphite,  it  is  regarded  as  having  been 
originally  clastic.  Its  present  crystalline  character  and  quaquaversal 
arrangement  is  doubtless  due  to  the  intrusion  of  the  gabbro.  It  thus 
appears  that  there  is  in  this  region  a  great  bedded  succession  which 
belongs  to  the  Algonkian  system.  The  lowest  coarse  grained  gneiss 
inferior  to  the  limestone  perhaps  belongs  to  a  still  earlier  series,  but 
this  is  a  point  upon  which  closer  studies  are  needed. 

LITERATURE   OF  NEW   JERSEY. 

Vanuxem  and  Keating,131  in  1821,  state  that  the  country  around 
Franklin  is  composed  of  syenite  which  is  found  in  beds  or  layers  of  varia- 
ble thickness,  running  in  a  direction  parallel  to  that  of  the  ridge.  A  white 
limestone  forms  a  bed  with  eminently  crystalline  structure,  the  inclina- 
tion, direction,  and  dip  of  which  are  the  same  as  those  of  the  syenite. 
This  limestone  has  been  traced  for  a  distance  of  8  miles,  and,  although 
the  limestone  is  subordinate  to  the  syenite,  masses  of  the  latter  are  found 
in  it.  At  Franklin,  next  to  the  syenite,  are  found  masses  of  gray  wacke, 
which,  on  the  road  from  Franklins  to  Dr.  Fowler's,  is  seen  to  be  super- 
imposed upon  the  syenite  and  is  evidently  a  later  formation.  About 
a  quarter  of  a  mile  below  the  furnace  it  is  covered  with  a  violet  lime- 
stone which  rests  upon  it  in  parallel  superposition.  This  limestone  and 
that  associated  with  the  syenite  are  not  of  contemporaneous  origin, 
but  the  blue  limestone  is  a  real  mantle-formed  superposition. 

Pierce,132  in  1822,  describes  the  Highland  ranges  as  primitive,  with 
the  exception  of  an  isolated  transition  region.  The  rocks  here  included 
are  granite,  gneiss,  and  syenite,  while  in  the  transition  are  found  gray- 
wacke,  gray  wacke- slate,  chlorite- slate,  and  limestone. 

Bogers  (H.  D.),133  in  1840,  gives  a  systematic  account  of  the  Primary 
rocks  of  New  Jersey.  These  are  almost  exclusively  of  the  stratified 
class,  consisting  of  gneiss  under  all  its  forms,  the  granitoid  variety 
predominating.  Innumerable  small  veins  of  feldspathic  granite,  sye- 
nite, greenstone,  etc.,  penetrate  the  gneiss.  The  gneiss  is  comparatively 
seldom  of  the  schistose  kind.  Mica  is  deficient,  the  usual  mixture  be- 
ing either  feldspar  or  quartz  with  a  little  mica,  or  these  minerals  with 
an  excess  of  hornblende,  and  hornblende  and  magnetic  oxide  of  iron, 
the  latter  being  so  abundant  as  to  be  a  characteristic  constituent.  It 
occurs  not  only  as  an  occasional  ingredient  of  the  gneiss,  but  in  great 
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dikes  or  veins  penetrating  the  strata.  The  massive  granitoid  gneisses 
of  the  Highlands  are  in  striking  contrast  with  the  gneiss  belt  of  New 
York  and  Staten  island,  which  reappears  at  Trenton  and  ranges  through 
Pennsylvania  and  Maryland,  which  is  distinguished  by  the  prevalence 
of  mica  and  other  thinly  laminated  minerals,  imparting  to  the  rock  a 
schistose  structure  or  the  thinly  bedded  character  of  ordinary  gneiss. 
The  massive  strata  are,  upon  the  whole,  decidedly  less  than  in  the 
Philadelphia  belt.  They  are  usually  highly  inclined,  the  average  dip 
exceeding  45°.  In  many  of  the  principal  ridges  an  anticlinal  arrange- 
ment is  plainly  visible. 

There  are  three  main  axes  of  elevation  in  the  granitic  area  rising  above 
the  secondary  sandstones  and  limestones.  The  metalliferous  veins 
generally  coincide  with  the  direction  of  the  strata  in  strike  and  dip, 
but  they  exhibit  many  minor  irregularities,  such  as  frequent  change  in 
thickness  and  deviation  from  the  direction  of  the  strata,  and  are 
regarded  as  unchanged  matter.  The  gneiss  formation  of  Trenton  has 
a  steep  inclination,  about  70°  to  the  southeast,  and  rests  unconform- 
ably  under  the  more  recent  formations,  and  is  regarded  as  the  equiva- 
lent of  the  gneiss  of  Manhattan  island. 

The  blue  limestone  belonging  to  the  older  secondary  strata  has  often 
a  secondary  cleavage  corresponding  with  the  slate  to  which  it  is  adja- 
cent. Associated  with  these  limestones  are  various  igneous  rocks 
which  have  locally  caused  it  to  become  crystalline  and  have  developed 
within  it  plumbago  and  various  silicates.  Often  these  crystalline  forms 
of  limestones  are  associated  with  the  metalliferous  veins,  which  are 
regarded  as  the  cause  of  its  crystalline  character. 

Jackson,134  in  1854,  maintains  that  the  New  Jersey  crystalline  lime- 
stones are  of  igneous  origin. 

Kitchell,135  in  1856,  places  the  formations  of  the  Highlands  in  the 
Azoic  system.  These  include  gneiss,  hornblendic,  micaceous,  feldspathic, 
and  quartzose  schists,  and  white  crystalline  limestone  interstratified 
with  seams  or  layers  of  magnetic  iron  ore.  These  rocks  are  traversed 
by  numerous  intrusive  dikes  of  granite  and  syenite ;  the  strata  are 
highly  metamorphic ;  exhibit  violent  dislocations ;  their  general  strike 
is  northeast  and  southwest,  the  same  as  the  intrusive  dikes,  and  their 
dips  southeast.  In  addition  to  their  distinct  stratification  they  exhibit  ' 
planes  of  cleavage  frequently  at  right  angles  to  the  former  and  gen-  . 
erally  inclining  toward  the  northeast  at  an  angle  varying  from  the 
horizontal  to  45°.  At  one  place  limestone  rests  unconformably  upon 
the  gneiss. 

Cook,136  in  1868,  places  under  the  Azoic  rocks  the  gneisses,  crystal- 
line limestone,  and  beds  of  magnetic  iron  ore.  The  crystalline  lime- 
stone iu  every  case  is  conformable  to  the  gneiss  and  interstratified 
with  it.  It  is  not,  as  supposed  by  Rogers,  the  metamorphosed  blue  lime- 
stone. The  iron  ores,  instead  of  being  igneous,  are  believed  to  be  true 
beds  which  were  deposited  as  sediments  in  the  same  way  as  the  material 
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of  the  gneiss  rocks.  Tke  gneiss  is  divided  into  four  principal  belts.  The 
Azoic  formations,  with  trifling  exceptions,  are  stratified.  Usually  they 
are  inclined  a  good  deal,  bnt  the  dip  varies  from  zero  to  90°.  The 
axes  of  the  folds  are  generally  in  a  northeast  and  southwest  direction. 
Some  of  the  rocks  are  so  thin  bedded  as  to  be  schistose,  while  other  por- 
tions are  so  thick  bedded  that  for  long  distances  it  is  almost  impossible 
to  tell  which  way  the  rock  dips.  The  gneiss  is  cut  by  veins  and  dikes 
of  trap  and  granite.  The  Azoic  rocks  of  Trenton  are  much  more  like 
a  true  gneiss  than  those  of  the  Highlands.  The  Potsdam  sandstone, 
the  base  of  the  Paleozoic,  is  found  resting  unconformably  upon  the 
Azoic  gneiss  at  Franklin  furnace  and  at  Green  pond  mountain.  The 
relations  of  the  two  rocks  are  such  as  to  make  it  certain  that  the  sand- 
stone is  later  than  and  unconformably  upon  the  gneiss.  The  Franklin 
furnace  sandstone  is  capped  by  the  blue  magnesian  limestone,  which 
is  equivalent  to  the  calciferous  sandstone  of  the  New  York  reports. 

Cook,137  in  1873,  gives  the  four  Azoic  belts  of  New  Jersey  the  names 
Rainapo,  Passaic,  Musconetcong,  and  Pequest.  In  the  first  and  last  are 
found  numerous  bands  of  interlaminated  limestones,  but  in  the  others 
these  are  not  known  to  occur.  Lithologically  the  greater  portion  of  the 
Azoic  rock  is  syenite-gneiss.  There  is  no  way  of  identifying  it  with  the 
Laurentian  or  Huronian  of  Canada.  As  to  origin  all  are  agreed  that 
these  Azoic  syenitic  gneisses  are  sedimentary.  The  crystalline  lime- 
stone of  the  Ramapo  belt  is  associated  with  the  serpentine,  sometimes 
in  large  quantity. 

Cook,138  in  1883,  states  that  the  rocks  of  the  Highland  include  gran- 
ite, syenite,  several  varieties  of  gneiss,  crystalline  limestone,  and  mag- 
netite, with  rare  species  of  various  schists  and  some  serpentine.  The 
strata  dip  to  the  southeast  at  an  angle  of  from  45°  to  80°,  although  it 
is  often  difficult  to  determine  the  directions  of  strike  and  dip  positively 
because  of  the  massive  character  of  the  rock.  The  ranges  are  regarded 
as  anticlinal  folds  in  general,  although  this  is  not  probably  true  in 
every  case,  and  the  valleys  are  synclinal.  The  massive  syenites,  gran- 
ites, and  traps  are  very  limited  in  quantity,  and  they  are  perhaps  a  part 
of  the  stratified  beds  in  which  stratification  has  been  obliterated, 
although  granite  and  syenite  dikes  are  found  traversing  the  bedded 
gneisses. 

Darton,139  in  1883,  states  that  at  Sparta  granite  cuts  across  the 
limestone  beds  and  may  be  in  true  veins. 

Cook,140  in  1884,  finds  that  besides  the  southeastern  dips  northwest 
dips  occur.  There  is  difficulty  in  separating  the  stratified  from  the  un- 
stratified  rocks,  as  nearly  all  the  glaciated  ledges  look  like  massive 
rocks.  The  relations  of  the  syenite  rocks  and  gneisses  are  not  made 
out  and  it  can  not  be  asserted  which  are  the  older,  but  these  granitoid 
and  syenitic  rocks  are  surrounded  by  stratified  gneisses  and  other  crys- 
talline rocks.  To  the  Highlands  the  term  Archean  is  applied  because 
Bull,  86 26 
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it  does  not  necessitate  any  correlation  or  theory,  as  would  the  use  of 
Laurentian  or  Azoic. 

Britton,141  in  1885,  states  that  few,  if  any,  of  the  ridges  are  simple 
anticlinal  folds,  the  southeast  dips  being  generally  as  prevalent  on  one 
side  of  the  mountain  as  on  the  other,  though  often  differing  percepti- 
bly in  degree.  The  crystalline  limestones  do  not  represent  the  blue 
magnesian  limestone  metamorphosed  by  granite  and  syenite.  The  sup- 
posed dikes  of  granite  are  strata  conformable  to  the  white  limestone, 
as  are  the  iron  and  zinc  ore  beds  contained  in  it,  all  geologically  older 
than  the  blue  limestone  with  the  quartzites  and  slates  composing  the 
Lower  Silurian  system.  The  conclusion  is  now  reached  that  the  un- 
stratified  rock  masses  underlie  the  bedded  crystalline  rocks,  although 
the  line  of  separation  is  but  poorly  defined,  as  the  stratified  rocks  of 
the  same  mineral  composition  commonly  occur  on  the  sides  of  the  mas- 
sive area  with  an  apj>arent  gradual  passage  between  the  two,  and  at 
no  point  was  any  actual  uneonformability  found,  although  at  some 
places  abrupt  changes  in  the  lamination  have  been  observed  within 
short  distances.  This  leads  to  the  conclusion  that  the  massive  beds 
are  only  so  because  stratification  has  been  wholly  destroyed  through 
greater  metamorphism.  The  schistose  series  commonly  have  a  steeper 
dip  along  their  southern  margins  than  along  their  opposite  sides;  thus 
the  axial  planes  of  the  folds  are  often  inclined  toward  the  southeast. 

While  the  Potsdam  and  Paleozoic  rocks  are  unconformable  upon  the 
Archean,  the  newer  rocks  are  tilted  in  such  a  way  as  to  show  that  fold- 
ing has  occurred  since  they  were  deposited.  At  only  a  few  places  are 
actual  junctions  found,  the  two  more  important  being  in  Owens  island, 
in  Sussex  county,  and  at  Franklin  furnace.  At  several  localities  the 
relations  are  perplexing,  for  the  quartzites  and  conglomerates  are  so 
heavily  feldspathic  that  near  the  junction  they  appear  to  grade  gradually 
into  the  older  rocks,  fragments  and  masses  of  which  are  included  in  them. 
Along  the  southeastern  margin  of  the  Highlands  the  Silurian  is  crys- 
talline, including  crystalline  limestones  and  hydromica- slates,  and  here 
the  unconformity  is  much  less  pronounced,  no  satisfactory  contacts 
being  known  in  New  Jersey.  At  Pomp  ton  the  slate  ledges  have  nearly 
the  same  dip  and  strike  as  the  nearest  Archean  outcrops.  At  Peeks- 
kill  hollow  and  Annsville  cove,  in  New  York,  the  slates  and  quartzites 
and  crystalline  rocks  appear  to  be  directly  conformable,  the  strata  hav- 
ing been  subjected  to  an  overturn  and  causing  the  quartzite  to  dip 
under  the  older  rocks,  and  it  is  difficult  to  say  where  the  line  of  sepa- 
ration is. 

Britton,  142  in  1887,  divides  the  Archean  rocks  into  a  massive  group 
an  iron-bearing  group,  and  a  gneissic  and  schistose  group,  which  is  also 
believed  to  be  the  order  of  superposition,  although  there  is  a  gradual 
change  from  one  sedimentary  rock  into  the  other.  While  the  massive 
rocks  are  but  faintly  laminated,  there  is  no  evidence  adduciblein  favor 
of  an  igneous  origin  for  them,  but  all  indications  point  to  their  deposi- 
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tion  as  sediments  of  one  kind  or  another,  and  to  the  more  or  less  com- 
plete obliteration  of  the  bedding  planes  by  excessive  metamorphism. 
The  beds  of  magnetic;  ore  occur  in  different  horizons  of  the  middle 
group,  but  never  occur  in  the  highest  or  lowest.  In  this  same  gronp 
the  beds  of  crystalline  limestone  appear  generally  to  be  at  a  slightly 
higher  horizon  than  the  magnetite  beds.  The  highest  gneissic  and 
schistose  group  corresponds  very  well  in  character  with  the  Montalban 
system  of  Hunt.  These  rocks  are  like  those  of  Trenton  and  West- 
chester counties  in  New  York.  Among  the  eruptive  rocks  are  placed 
those  which  occur  in  dikes,  such  as  diorite,  diabase,  kersantite,  and 
porphyry. 

Britton,  143  in  1888,  describes  as  occurring  in  the  Archean  of  New 
Jersey  an  organic  form,  apparently  algae,  to  which  he  applies  the  name 
Archwophyton  neivberryanum. 

Nason,  144  in  1890,  describes  the  Archean  of  New  Jersey.  Here  are 
found  four  types  of  rock :  The  mount  Hope  type,  a  foliated  magnetitic 
gneiss,  the  magnetite  sometimes  largely  replaced  by  hornblende,  with 
little  mica;  the  Oxford  type,  foliated  hornblende- gneiss,  magnetite  and 
biotite  in  places  almost  wholly  replacing  the  hornblende ;  the  Franklin 
type,  a  less  foliated  biotite-gneiss;  the  Montville  type,  white  or  crys- 
talline limestone.  The  Franklin  type  differs  from  the  mount  Hope  and 
Oxford  types  in  that  the  quartz  and  feldspar  are  usually  in  sharply 
angular  grains,  which  contrast  with  the  roundish  grains  of  these  min- 
erals in  the  first  two  types.  The  crystalline  limestone  is  placed  under 
the  Archean  only  provisionally.  As  there  are  apparently  many  reasons 
why  it  should  be  considered  of  more  recent  origin,  there  is  greater 
reason  for  supposing  that  if  a  part  of  it  proves  to  be  Archean  all  will 
not.  This  rock  is  found  at  Montville,  Wanaque,  Pequest  furnace, 
Jenny  Jump  mountain,  Oxford  church,  and  Mendham.  No  actual  con- 
tacts between  the  different  groups  have  been  found.  The  distribution 
of  the  various  types  is  described  in  detail.  Whether  the  gneisses  are 
sedimentary  or  eruptive  has  not  been  ascertained,  but  there  are  many 
localities  in  which  true  eruptive  granitic  rocks  inclose  within  their 
masses  fragments  of  the  adjacent  schistose  and  gneissic  rocks.  Also 
in  the  Archean  is  frequently  found  gabbro  which  is  almost  certainly 
of  igneous  origin.  Graphite  is  found  to  be  widely  separated  in  the 
Archean  rocks.  At  one  place,  commencing  at  the  old  graphite  mine 
near  South  bridge,  it  is  found  continuously  for  35  miles.  A  similar 
rock  has  been  found  at  Iona  island  in  the  Hudson  river,  35  miles  north-* 
east.  Another  line  is  found  on  Bald  hill,  and  a  third  graphite  gneiss 
is  found  on  a  hill  east  of  Pomp  ton  station  and  in  part  of  the  range  of 
Ramapo  mountains.    Also,  graphite  occurs  at  other  places. 

Nason,145  in  1891,  describes  the  relations  of  the  white  and  blue  lime- 
stones of  Sussex  county,  New  Jersey.  They  are  found  to  grade  into 
each  other  at  many  points.    The  white  limestone  is  always  associated 

I  with  later  granitic  eruptions.     In  passing  away  from  a  boss  or  dike 
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the  limestone  is  white,  but  changes  steadily  with  rapid  gradations  into 
the  blue  limestone.  Sandstones  and  quartzites  of  identical  character 
underlie  both  the  white  and  blue  limestone  and  bind  them  together. 
The  one  distinguishing  fact  which  separates  the  white  from  the  blue  lime- 
stone is  the  presence  of  eruptive  rocks.  It  is  therefore  concluded  that 
the  two  are  identical.  As  the  blue  limestone  belongs  to  the  Cambrian, 
it  is  concluded  that  in  this  region  there  are  no  Archean  limestones,  as 
has  been  supposed. 

LITERATURE   OF  PENNSYLVANIA. 

Finch,146  in  1824,  finds,  near  Easton,  syenite,  serpentine,  and  transi- 
tion limestone,  transition  granite,  transition  clay- slate,  and  transition 
sandstone. 

Finch,147  in  1828,  finds  a  section  from  Chads  fork  to  Westchester  to 
include  gneiss,  mica-slate,  hornblende- slate,  primitive  sandstone,  and 
transition  quartz  rock. 

Eogers  (H.  D.),148  in  1858,  gives  a  systematic  account  of  the  meta- 
morphic  rocks  of  Pennsylvania.  These  are  divided  into  three  main 
divisions:  the  gneissic  series  proper,  or  Hypozoic;  Azoic,  or  those  des- 
titute of  relics  of  life,  and  Paleozoic.  The  Hypozoic  rocks  only  are 
placed  with  the  primary.  The  Azoic  schists  are  regarded  as  newer 
than  the  Hypozoic,  because  of  differences  in  the  position  of  the  two  sets 
of  strata,  in  condition  of  metamorphism,  and  in  manner  of  plication. 
The  former  dip  almost  invariably  to  the  southeast,  while  the  gneiss  in 
many  localities  has  no  symmetrical  folding.  These  dissimilarities  imply 
essential  differences  in  the  directions  and  dates  of  the  crust  movements. 
The  Azoic  rocks,  however,  when  they  show  the  maximum  amount  of  meta- 
morphism, simulate  in  mineral  aspect  and  structure  those  of  the  gneissic 
series.  The  old  strata  are  then  separated  into  three  systems  by  two 
main  horizons,  the  lower,  a  physical  break  between  the  Hypozoic  and 
Azoic  ;  the  upper,  a  life  limit  denoting  the  first  advent,  so  far  as  discov- 
ered, of  organic  beings. 

The  gneissic  rocks  are  separated  structurally  into  three  districts : 
First,  the  area  running  southwestward  from  Trenton,  through  Phila- 
delphia; second,  the  area  between  the  Schuylkill  and  the  Susquehanna, 
north  of  the  first  area;  and,  third,  the  South  mountain  region,  a  contin- 
uation of  the  Highlands  of  New  Jersey.  The  Philadelphia  belt  is  inter- 
sected very  extensively  by  eruptive  rocks,  such  as  granite,  greenstone, 
syenite,  and  trap.  The  second  or  middle  belt  is  sometimes  called  the 
mica-schist  belt,  because  of  the  amount  of  this  mineral  which  it  con- 
tains. The  upper  or  northern  belt  of  gneiss  is  regarded  as  a  part  of 
the  lower  Primal  rocks  and  as  resting  unconformably  upon  the  upper 
gneissic  group,  the  belief  being  based  upon  the  manner  of  the  flexure 
of  the  two  formations  rather  than  upon  actual  unconformable  contacts. 

In  the  Philadelphia  belt  there  is  a  general  prevalence  of  the  north- 
ward dip  of  the  strata,  varying  generally  from  30°  to  50°.    At  Fair- 
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mount  the  true  dip  of  the  rocks  is  very  steep,  although  there  is  a  decep- 
tive appearance  of  a  nearly  horizontal  stratification  in  thick  and  almost 
parallel  beds ;  but  this  is  not  to  be  confounded  with  the  genuine  strati- 
fication or  grain  of  the  rock  as  marked  by  the  general  distribution  of 
its  mica  and  other  minerals.  In  this  belt  there  are  really  two  groups 
of  rocks,  which,  viewed  broadly,  constitute  one  synclinal  wave.  The 
lower  is  a  harder  feldspathic  and  hornblendic  gneiss  at  the  south  side, 
dipping  northward,  and  reappearing  in  steep  and  multitudinous  con- 
tortions on  the  other  side  of  the  trough ;  and  the  upper  is  a  more  mica- 
ceous group  filling  the  synclinal  center  of  the  trough  and  compressed 
into  lesser  folds. 

In  the  middle  division  the  rocks  are  mostly  of  the  granite-like  varie- 
ties of  feldspathic  gneiss,  with  hard  hornblendic  gneiss,  such  as  consti- 
tute the  central  ridges  of  the  South  mountain.  These  are  believed  to 
be  in  a  series  of  anticlinal  and  synclinal  waves,  and  in  addition  to  the 
folds  there  is  a  series  of  folds  along  which  the  iron -ore  deposits  are 
found  in  V-shaped  masses. 

The  northern  or  South  mountain  zone  is  composed  of  massive  or  thick- 
bedded  gneisses,  with  which  is  no  talcose  slate,  or  else  the  Primal 
white  sandstone,  the  lowest  member  of  the  Paleozoic.  The  limestone 
associated  with  the  gneisses  is  generally  found  in  the  synclinal  valley. 
The  gneisses  are  regarded  as  stratified,  dip  to  the  southeast,  and,  as  the 
breadth  of  the  chain  is  so  great,  the  structure  is  believed  to  be  due  to 
overturn  flexures. 

On  the  Delaware  section  is  found  the  best  evidence  of  unconformity 
discovered  between  the  semicrystalline  rocks  called  Primal  and  the 
gneiss.  In  one  case  here  the  Primal  siliceous  slates  and  quartzites  are 
a  porphyritic  and  crystalline  quartzose  conglomerate.  Below  this  is 
an  arch  or  wave  of  granitoid  gneiss  containing  injections  of  syenite; 
and  the  dip  of  the  gneiss  seems  also  to  be  steeper  than  that  of  the 
Primal  conglomerate.  The  relations  are,  however,  best  seen  at  Durham 
creek.  Here  at  one  place  the  sandstone,  slates,  and  conglomerates  rest 
with  their  beds  almost  perpendicular  to  the  lamination  of  the  gneiss. 

The  lower  part  of  the  Paleozoic  rocks  are  Primal  crystalline  schists, 
or  the  Azoic  group;  Primal  conglomerate;  Primal  older  slate;  Primal 
white  sandstone,  Potsdam  of  New  York.  The  Primal  series  contains 
but  few  eruptive  rocks,  even  trap  dikes  being  uncommon,  which  is 
regarded  as  proving  that  the  metamorphism  is  due  to  heated  gases 
through  fissures  rather  than  to  the  contact  of  igneous  material. 

The  Primal  southern  belt  is  first  considered.  At  Attleboro  there  is 
no  marked  discordance  between  this  and  the  gneissic  series  which 
is  supposed  to  be  older.  East  of  the  Schuylkill  and  in  Montgomery 
county,  the  observer  is  very  liable  to  confound  the  lowest  Primal  beds 
with  the  uppermost  hornblendic  feldspathic  layers  of  the  adjacent  genu- 
ine gneiss.  West  of  the  Schuylkill  the  Primal  slates  are  of  so  crystal- 
line a  character  that  it  is  sometimes  difficult  to  distinguish  the  strata 
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from  certain  forms  of  the  more  micaceous  beds  of  the  true  gneissic  or 
Hypozoic.  It  is  impossible  to  subdivide  the  members  of  the  Lower 
Primal  group  in  southern  Pennsylvania,  because  of  a  prevailing  trans- 
verse cleavage,  which  extensively  effaces  all  clear  traces  of  the  original 
bedding,  and  because  of  the  presence  of  innumerable  plications,  often 
so  closely  compressed  as  to  appear  as  only  one  uniform  dip,  the  anti- 
clinal and  synclinal  foldings  in  many  cases  escaping  detection  through 
the  obscuring  influence  of  cleavage,  and  because  of  mutations  in  the 
composition  of  the  beds.  The  rocks  between  the  Primal  white  sand- 
stone and  the  genuine  gneiss  then  include  talcoid  siliceous  slate, 
talco-micaceous  slate,  and  schistose  and  quartzose  micaceous  rock.  On 
the  Brandy  wine  the  massive  gneisses  and  finely  laminated  material  are 
interlaminated  in  such  a  way  as  to  lead  to  the  conclusion  that  the  lat- 
ter are  closely  infolded  in  the  older  metamorphic  series.  In  the  Primal 
of  Susquehanna  and  York  counties,  the  true  bedding  is  very  obscure, 
being  almost  obliterated. 

In  passing  southward  on  the  Susquehanna  the  rocks  become  steadily 
more  crystalline,  until  they  are  so  altered  as  to  have  been  hitherto 
mistaken  for  the  true  Hypozoic.  The  precise  line  of  contact  of  the  lime- 
stones with  the  slates  is  not  clearly  visible  at  times ;  indeed,  there 
seems  to  be  no  line  of  sudden  transition.  The  cleavage  planes  are  in 
general  parallel  with  those  of  the  original  bedding.  The  dips  on  this 
river  are  steadily  iira  southeast  direction  for  a  distance  of  7  or  7£  miles, 
and  it  is  believed  that  the  rocks  consist  of  many  compressed  folds  which 
repeat  the  same  strata  many  times  over.  Southwest  of  the  Susquehanna, 
in  the  South  mountains,  in  Adams,  Cumberland,  and  Franklin  counties, 
is  an  extensive  area  which  is  placed  with  the  Primal  series.  It  is  a 
continuation  of  the  Blue  ridge  of  Maryland  and  Virginia.  There  are  a 
few  intrusive  rocks,  mostly  of  greenstone  and  trap.  Some  of  the  rocks 
are  very  crystalline,  but  none  are  regarded  as  belonging  to  the  gneissic 
series.     In  this  series  are  found  limestones  associated  with  iron  ore. 

Leeds,149  in  1870,  states  that  on  the  Germantown  railroad,  3  miles 
from  Philadelphia,  in  the  micaceous  schists  are  imbedded  huge  bowl- 
ders of  hard,  compact  hornblende  rock.  They  are  supposed  to  be  a 
primitive  surface  formation  which  was  broken  up  before  the  deposition 
of  the  metamorphic  rocks  of  undetermined  age. 

Frazer,150  in  1876,  describes  several  sections  in  York  and  Adams 
counties.  Here  are  included  hydromica- slates  and  hydromica-schists, 
chloritic  rocks,  quartzite,  quartz-slate,  gneissoid  mica-schist,  limestone, 
and  chert.  Several  sections  show  an  unconformable  contact  between 
the  York  limestone  and  the  crystalline  schists.  The  latter  usually 
dip  at  a  high  angle. 

Frazer,151  in  1877,  describes  cross- sections  in  the  counties  of  York, 
Adams,  Cumberland,  and  Franklin.  In  South  mountain  the  structure 
is  found  to  be  essentially  the  same  as  that  given  by  Eogers,  except 
that  it  also  contains  limestone.    In  one  section  is  a  thickness  of  over 
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17,000  feet  of  quartzite  and  sandy  shale  and  about  2,000  feet  of  chloritio 
slates.  In  another  section  the  rocks  observed  are  quartz-conglomer- 
ate-schist, jaspery  quartzites,  crystalline  schists,  and.  orthofelsites. 
The  relations  seem  to  show  an  unconform ability  between  the  older 
(Huronian?)  orthofelsites  and  schists  and  the  more  recent  (Cambrian'?) 
sandstone,  but  it  would  seem  additionally  to  imply  that  the  alignment 
of  the  one  system  was  the  result  of  causes  entirely  different  from  and 
anterior  to  those  that  formed  the  other.  In  another  section  the  rocks 
increase  in  felsitic  character  to  the  southeast  and  in  conglomeratic 
schistose  character  to  the  northwest.  It  is  concluded  that  the  South 
mountain  chain  is  composed  of  two  groups  of  rocks,  the  lower  consist- 
ing of  quartz -conglomerates  in  which  quartzite  occurs;  the  upper  fel- 
sitic in  character,  containing  hydro-mica  schists  and  chlorite- schists. 
The  felsite  itself  ranges  from  a  sandy  slate  to  a  coarsely  porphyritic 
rock. 

Hunt,152  in  1877,  states  that  near  Oonshohocken  is  a  belt  of  Lauren- 
tian  gneiss  identical  with  that  of  the  South  and  Welsh  mountains,  that 
separates  the  Philadelphia  gneisses  and  mica-schists,  which  are  Mont- 
alban,  from  the  Auroral  limestone.  The  Laurentian  gneiss  is  succeeded 
on  the  northeast  by  serpentines,  chloritic  schists,  micaceous  schists, 
and  argillites,  which  are  typical  Huronian  rocks.  The  intermediate 
position  of  the  Huronian  seems  to  show  that  it  is  below  the  Montalban. 
The  Primal  and  Auroral  are  the  Lower  Taconic  of  Emmons.  South  of 
the  Susquehanna,  South  mountain  rocks  again  appear  and  stretch 
southward  to  the  Potomac.  They  here  consist  of  Montalban  and  Huron- 
ian rocks.  In  the  southern  part  of  Pennsylvania  are  bedded  petrosilex 
rocks,  often  jasper-like,  which  are  associated  with  characteristic  rocks 
of  the  Huronian  series,  to  which  they  are  all  referred. 

Prime,157  in  1878,  describes  gneiss  and  mica-schist  in  Lehigh  county 
as  Laurentian.  A  little  west  of  Seller's  quarry  the  Potsdam  sandstone 
and  Laurentian  rocks  are  seen  in  contact.  The  dips  of  the  two  seem 
to  be  conformable,  but  this  may  be  wrong,  as  the  exposure  is  small  and 
the  gneiss  apparently  has  a  slight  roll.  The  gneissic  rock  is  here  dis- 
tinctly bedded. 

Frazer,154  in  1880,  includes  in  the  post-Eozoic  series  of  Lancaster 
county  calcareous  argillites,  nacreous  slates,  hydro-mica- schists,  chikis 
quartzite,  and  chloritic  series.  In  the  Eozoic  series  is  placed  the 
mica-schist  and  gneiss  belt.  Between  this  series  and  the  previous  one 
there  is  no  certain  evidence  of  nonconformability,  the  transition  from 
one  rock  to  the  other  being  gradual  and  the  line  between  them  difficult 
to  define. 

Frazer,155  in  1880,  states  that  the  chloritic  series  p*ass  into  the  Peach 
bottom  slates  within  a  breadth  of  a  few  hundred  yards,  and  equally 
abruptly  into  chlorites  again,  and  finally  into  greenish  chloritic  quartz- 
ite, in  all  respects  like  those  of  the  South  mountain.  If  the  Peach 
bottom  slates  are  Hudson  river  age  as  supposed ,  a  difficulty  is  here 
presented. 
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Hall  (Ohas.  E.),156  in  1881,  describes  Philadelphia  county  and  the 
southern  parts  of  Montgomery  and  Bucks.  The  schistose  rocks  are 
placed  in  the  three  belts  as  divided  by  Rogers,  but  there  is  an  inter- 
mediate belt  between  the  first  and  second  belts  of  Rogers.  The  first 
belt  is  made  up  of  gray  schistose  gneiss,  composed  of  quartz,  feldspar, 
and  brown  or  black  mica,  with  occasional  garnets,  interlaminated  with 
occasional  beds  of  black  hornblendic  slate  and  fine  grained  sandy 
gneiss.  The  second  belt  is  characterized  by  serpentine,  soapstone, 
silvery  micaceous  garnetiferous  schists,  light  colored  thin  bedded  sandy 
gneisses,  with  disseminated  light  colored  mica  in  minute  flakes.  The 
third  belt  is  composed  .chiefly  of  quartz,  feldspar,  and  hornblende. 
The  beds  are  often  massive,  but  usually  have  thin  bands  of  mica  or 
hornblende  through  them.  They  are  syenitic  and  gneissic  granites 
or  granitic  gneisses  in  which  is  found  a  peculiar  variety  of  blue 
quartz.  The  prevailing  northward  dips  of  the  schists  and  gneisses 
of  the  first  and  second  belts  do  not  hold  for  the  third.  The  Primal 
sandstone  (Potsdam),  wherever  it  occurs,  invariably  rests  upon  the 
rocks  of  the  third  belt,  and  its  sandstones  and  conglomerates  are  in- 
variably composed  of  debris  from  this  belt,  and  in  it  is  found  not  a 
single  flake  of  mica,  quartz,  or  other  material  which  can  belong  to  the 
first  or  second  belts.  For  considerable  distances  the  Primal  rocks  are 
found  between  the  third  belt  and  the  schists  of  the  second  belt.  At 
the  Schuylkill  the  rocks  of  the  first  and  second  belt  rest  upon  and 
against  the  rocks  forming  the  third  belt.  The  third  belt  is  regarded 
as  Laurentian  and  the  first  and  second  belt  are  assigned  a  position 
above  the  Primal  Potsdam  sandstone  and  the  Auroral  limestone.  In 
the  midst  of  the  roofing-slates  of  the  Susquehanna  river  occur  Hudson 
river  fossils,  and  the  first  and  second  belts  are  referred  to  or  above  the 
Hudson  river  group,  while  the  third  belt  is  referred  to  the  Laurentian. 

Lesley,157  in  1883,  describes  in  the  southern  part  of  Northampton* 
county  the  continuation  of  the  Highlands  of  New  Jersey.  There  are 
in  this  region  four  ranges.  In  the  valleys  are  limestones,  the  strat- 
ification of  which  is  visible  everywhere  but  is  much  broken  and 
crumpled.  The  stratification  of  the  gneiss  or  syenite  beds  of  the  moun- 
tains is,  on  the  contraiy,  rarely  to  be  seen  and  can  only  be  judged  from 
topographical  features.  Dips  are  hard  to  find,  owing  to  the  general 
decomposition  of  the  rock  surfaces  of  the  country,  to  the  amount  of 
debris  on  the  surface,  to  the  vegetation,  and  to  the  massive  and  ho- 
mogeneous character  of  the  beds  where  the  true  bedding  plane  has 
sometimes  been  made  out  by  observing  the  parallel  arrangement  of  the 
minerals.  The  South  mountain  gneisses  evidently  belong  to  a  different 
system  from  the  Philadelphia  belt  and  they  are  comparable  with  the 
Laurentian  system.  Why  they  are  not  covered  by  Huronian  or  Cam- 
brian rocks  is  not  known.  If  the  views  of  Hall  are  accepted  that  the 
Philadelphia  belt  underlies  the  Potsdam  and  overlies  the  Philadelphia 
syenites,  it  is  hard  to  see  why  they  do  not  appear  between  the  Potsdam 
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and  gneisses  at  Soutli  mountain.  The  ridges,  instead  of  being  simple 
anticlines,  are  a  series  of  anticlines  and  synclines.  At  Morgan  hill 
there  is  discordance  between  the  dips  of  the  Potsdam  and  the  gneiss, 
showing  apparent  nonconformity.  The  syenite  rocks  underlie  the  lime- 
stones, which  may  represent  residual  material  which  has  not  been  re- 
moved by  erosion.  The  crystalline  character  of  these  outlying  ridges 
of  limestone  may  be  explained  by  the  fact  that  the  material  has  been 
buried  30,000  or  40,000  feet  below  the  surface.  At  Chestnut  hill  gap  on 
the  Delaware,  the  Potsdam  sandstone  is  sometimes  vitreous  and  over  it 
are  limestones  changed  into  crystalline  dolomites  holding  serpentines. 
In  contact  with  a  dike  of  coarse  granite  near  the  south  side  of  the 
gap  the  slates  are  changed  into  chlorite,  mica-slate,  and  hornblende- 
slates,  but  in  the  coarser  grits  the  original  pebbles  are  seen. 

Hall,  (Charles  E.)  158  in  1883,  describes  many  localities  of  slates, 
gneisses,  and  granites  in  the  South  mountain  area. 

D'Invtlliers,159  in  1883,  states  that  the  existence  of  anticlinal  and 
synclinal  folds  in  the  South  mountain  belt  of  Berks  county  is  suggested 
by  the  alternate  anticlinal  and  synclinal  belts  of  limestone  and  slate, 
but  it  is  not  conclusively  proved,  for  these  formations  belong  to  differ- 
ent systems  of  rocks,  and  no  doubt  lie  unconformably  upon  the  older 
mountain  rocks.  The  South  mountain  rocks  are  gneisses  and  granites, 
which  are  of  two  kinds,  a  distinctly  stratified,  thick  bedded,  massive 
gneiss,  and  a  stratified  syenite  where  hornblende  is  predominant.  The 
eroded  edges  of  the  Potsdam  sandstone  run  along  the  northern  slope 
of  the  belt  overlying  the  gneissoid  rocks. 

Hall  (C.  E.),160  in  1885,  places  the  syenites  of  Delaware  county  with 
the  Laurentian.  Overlying  these  are  the  micaceous  and  garnetiferous 
schists,  these  relations  being  well  exposed  at  Chester  creek.  The  cleav- 
age dip  varies  from  75°  to  90°,  but  the  true  dips  are  nearly  horizontal 
and  undulating,  which  fact  tends  to  reduce  the  hypothetical  thickness  of 
the  crystalline  rocks  of  southeastern  Pennsylvania  to  a  minimum.  The 
serpentines  occupy  shallow  synclinal  basins  and  are  the  most  recent  of 
the  metamorphosed  rocks.  East  of  the  Schuylkill  river,  outside  of  Del- 
aware county,  the  schists  rest  upon  the  upturned  edges  of  the  Potsdam 
and  limestones,  proving  the  relative  age  conclusively.  The  serpentines, 
mica-schists,  and  gneisses  are  regarded  as  more  recent  than  the  Hudson 
river  group.  In  this  schistose  series  one  kind  of  rock  gradually  fades 
into  the  next  succeeding  kind,  which  renders  a  delineation  almost  im- 
possible. 

ErAzer,161  in  1885,  states  that  at  Hendersons  station,  in  the  Phila- 
delphia region,  there  is  an  unconformable  contact  of  the  limestone  with 
the  sandstone,*  and  that  in  the  section  here  there  is  a  series  of  gentle 
folds  rather  than  a  monoclinal  structure,  as  made  out  by  Hall. 

Erazer,162  in  1886,  describes  the  Archean  rocks  of  York  county.  The 
lowest  members  of  the  Archean  series  here  found  are  the  Huronian 
schists,  which  have  a  thickness  of  14,400  feet.     A  somewhat  arbitrary 


410  t>RE-CAMBRlAN   ROCKS    OF    NORTH   AMERICA.  [bull.  86. 

division  is  made  between  the  Huronian  and  the  next  following  age, 
the  rocks  of  which  are  denominated  Azoic  schists  or  phyllites,  as  they 
can  not  be  certainly  assigned  either  to  the  Archean  or  to  the  Paleozoic. 
A  belt  of  them  is  found  on  either  side  of  the  broad  Hnronian  area  of 
the  crystalline  schists. 

Rand,163  in  1889,  describes  a  section  of  the  crystalline  rocks  from  the 
Triassic  of  Chester  county,  Pennsylvania,  to  the  Cretaceous  of  New 
Jersey,  passing  through  Philadelphia.  The  rocks  are  doubtfully  re- 
ferred to  various  horizons,  running  from  the  Laurentian  to  the  Hudson 
river. 

LITERATURE   OF   MARYLAND. 

Ducatel  and  Alexander,164  in  1834,  describe  the  Primary  rocks  as 
one  of  the  chief  divisions.  These  include  the  following  formations : 
Granite,  gneiss,  limestone,  and  serpentine. 

Aikin,165  in  1834,  states  that  granite  and  primitive  schists  are  inter- 
mingled in  every  possible  manner  in  the  region  west  of  Baltimore, 
the  dips  being  with  a  good  deal  of  regularity  toward  the  southeast. 
Succeeding  the  primitive  rocks  are  transition  slates,  sandstones, 
limestones,  and  greywackes  interstratified  with  transition  limestones. 

Duoatel,166  in  1839,  states  that  the  limestones  of  Harford  and  Balti- 
more counties  occur  in  the  valleys.  In  the  northwest  part  of  these 
counties  the  rocks  are  argillites,  which  pass  into  talcose  slates,  and 
these  are  succeeded  by  granitic  aggregates  in  which  hornblende  is  the 
prevailing  rock. 

Tyson,167  in  1860,  classifies  the  rocks  of  Maryland  into  those  of 
igneous  and  aqueous  origin.  In  the  former  are  granite,  syenite,  mas- 
sive quartzite,  porphyry,  amygdaloid,  trap  (including  hornblende  rock 
or  amphibolite),  and  serpentine.  The  rocks  of  aqueous  origin  include 
chemical  deposits,  among  which  are  limestone  and  dolomite;  mechanical 
deposits,  among  which  are  sandstone,  conglomerate,  breccia,  clay-slate, 
shale,  and  clay;  and  metamorphic  rocks,  among  which  are  gneiss,  mica- 
slate,  hornblende- slate,  talc-slate,  quartzite,  granular  limestone,  and 
dolomite.  The  rocks  of  igneous  origin  are  defined  as  those  which  give 
no  evidence  of  stratification.  These  are  found  in  the  area  about  Balti- 
more, mingled  with  the  sedimentary  rocks.  In  the  limestones  in  many 
cases  the  stratification  has  been  obliterated.  Gneiss  is  the  most  largely 
developed  of  the  rocks  in  the  central  part  of  the  state.  While  there  is 
usually  ample  evidence  of  stratification  in  gneiss,  in  some  localities  it 
has  been  so  much  altered  by  the  joint  action  of  heat  and  intrusive 
forces  as  to  have  nearly  obliterated  its  stratification  planes  and  cause  it 
to  resemble  granite.  The  four  lowest  formations  of  Maryland  are 
eruptive;  the  fifth  formation  is  composed  of  gneiss,  mica-slate,  and 
hornblende- slate,  which  includes  the  intrusive  rocks  of  the  first  four 
formations  and  a  portion  of  the  limestone.  These  rocks  occur  as  a 
belt  in  Cecil,  Harford,  Baltimore,  Howard,  and  Montgomery  counties, 
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id  are  bounded  on  the  northwest — or,  more  correctly  speaking,  pass 
Y  insensible  shades  of  difference  into  the  talcose  slates.  Near  the 
mthwestern  limit  the  prevailing  rock  is  gneiss,  which  is  interlami- 
ited  with  hornblende-slate.  In  proceeding  northwest  mica-slate  in- 
cases in  quantity,  and  in  passing  still  farther  this  mica-slate  passes 
to  talc-slate.  The  metainorphic  limestones  are  found  in  two  ranges  • 
ie  first,  the  gneisses  and  mica-slates ;  and  second,  the  talcose  slates. 
Williams,168  in  1886,  describes  the  gabbros  and  associated  horn- 
endic  rocks  of  Maryland.  These  are  all  found  to  be  of  igneous  origin 
id  the  schistose  hornblendic  rocks  the  result  of  metamorphism. 
Williams,169  in  1891,  describes  the  structure  of  the  Piedmont  plateau 

Maryland.  The  western  part  is  a  semicrystalline  area  consisting 
'  phyllites,  sandstones,  marbles,  and  but  few  eruptive  rocks.  The 
^stern  area  is  completely  crystalline.  The  sedimentary  rocks  in- 
ude  biotite-gneiss,  biotite-muscovite- gneiss,  muscovite-gneiss,  mica- 
hist,  quartz-schist,  conglomeratic  quartz-schist  and  dolomitic  marble. 
rithin  this  area  are  very  numerous  eruptive  rocks,  including  granites, 
leisses,  gabbros,  diorites,  and  basic  rocks,  such  as  pyroxenite,  lherzo- 
;e,  etc.  Two  sections  are  described  in  detail.  In  the  semicrystalline 
cks  a  cleavage  is  developed  which  much  obscures  the  bedding,  and 
e  succession  may  be  repeated  many  times  by  folds  and  faults.  Be- 
reen  the  semicrystalline  and  completely  crystalline  rocks  there  is  a 
mewhat  abrupt  passage.  The  structure  of  the  western  area  can  be 
counted  for  by  a  single  period  of  folding,  while  the  eastern  area,  as 
Lown  by  its  implicated  structure,  must  have  been  wrenched,  folded, 
Ld  faulted  at  different  times.  It  is  concluded  that  the  eastern  area  is 
mposed  of  rocks  far  more  ancient  than  the  western,  which  extend 
ider  the  latter,  forming  the  floor  upon  which  they  were  deposited, 
lis  hypothesis  accounts  for  the  difference  in  crystalline  character  be- 
reen  the  rocks  of  the  two  areas,  for  the  abruptness  of  their  contact, 
Ld,  since  both  series  have  been  subjected  to  a  folding  together,  for 
eir  apparent  conformity  along  their  contact.  As  to  the  age  of  the 
cks,  it  is  probable  that  the  Paleozoic  should  include  all  the  semicrys- 
lline  schists,  while  the  noncrystalline  rocks  east  of  them  would  be 
signed  to  the  Algonkian  or  Archean. 

Keyes,169  in  1891,  gives  as  a  supplement  to  the  preceding  a  section 
ross  the  Piedmont  plateau  of  Maryland.  In  the  Frederick  limestone 
the  western  semicrystalline  rocks  are  fossils  of  several  types  charac- 
ristic  of  the  Trenton,  and  the  entire  series  of  limestones  and  shales 
obably  represent  the  Chazy,  Trenton,  and  Hudson  river  formations. 
ist  of  the  western  semicrystalline  rocks  are  contorted  gneisses,  with 
neral  westerly  dips,  which  are  cut  by  basic  and  acid  rocks  and 
lich  are  believed  to  have  been  originally  granitic,  but  through  the 
ency  of  enormous  orographic  pressure  have  been  squeezed  into  their 
Bsent  gneissic  condition,  as  shown  by  the  mechanical  deformations 

ough  which  the  grains  have  gone. 
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LITERATURE   OF   DELAWARE. 

Booth,170  in  1841,  includes  among  the  primary  rocks  gneiss,  feld- 
spathic  rocks,  limestones,  serpentine,  and  granite,  the  first  comprising 
about  three-quarters  of  the  area.  This  region  is,  without  question, 
stratified.  The  average  bearing  of  the  rocks  is  north  47°  east,  and  the 
dip  70°  northwest,  but  occasional  bearings  are  found  which  differ  widely 
from  this,  and  the  dip  is  vertical.  The  trap  rocks  have  a  dip  and 
strike  conformable  with  the  gneiss  and  grade  into  them.  The  lime- 
stone is  a  coarse  to  fine  grained  crystalline  marble,  interstratified  with 
the  gneiss.  The  serpentine  and  surrounding  rocks  are  cut  by  numer- 
ous veins  of  granite*  The  greater  part  of  the  trappean  formation  pos- 
sesses a  clearly  stratified  structure  and  grades  by  transition  into  the 
gneiss,  but  the  hornblendic  and  coarse  feldspathic  veins  do  not.  The 
variation  in  the  strike  and  dip  of  the  gneiss  is  regarded  as  due  to  the; 
granitic  veins  or  to  the  serpentine. 

Chester,171  in  1885,  places  in  the  Laurentian  the  hornblendic  rocks] 
along  the  line  of  the  Pennsylvania  railroad  and  the  area  to  the  east  oi 
West  Chester.  The  rock  is  a  dark  hornblendic  gneiss  or  amphibolitid 
schist,  with  which  is  associated  a  dioritic  or  syenitic  granite  of  the 
Pennsylvania  survey.  The  two  rocks  grade  into  each  other,  and  prob-j 
ably  form  varieties  of  the  same  eruptive  series.  North  of  the  Lauren] 
tian  gneisses,  and  resting  upon  them,  is  a  series  of  mica- schists  and 
granitic  gneisses,  with  which  are  associated  bedded  granites,  serpen-) 
tines,  and  hornblende  rocks  which  have  been  referred  to  the  Montalj 
ban,  or,  with  the  Laurentian,  have  been  called  Azoic.  These  do  noq 
form  two  successive  formations,  for,  while  the  former  is  either  Lauren-] 
tian  or  Huronian,  the  latter  must  be  placed  above  the  Trenton,  and 
possibly  above  the  Hudson  river  slates.  The  granite  of  the  State  is  id 
intrusive  beds  and  in  beds  which  are  no  more  than  highly  metamor-l 
phosed  granitic  gneiss  or  mica-schist,  the  two  latter  grading  into  each] 
other.  Crystalline  limestones  are  found  at  Pleasant  hill,  HockessinJ 
and  near  Centreville.  Serpentine  is  found  northeast  of  Wilmington  as  a 
dike,  running  with  the  micaceous  schist.  Vitreous  quartz  and  quartzitd 
occur  as  thin  or  massive  seams  interstratified  with  the  micaceous  rocks.1 
The  quartzite  of  the  northeast  corner  of  the  State,  underlying  limestone,] 
is  probably  of  Potsdam  age.  The  strikes  and  dips  of  the  crystalling 
rocks  are  very  variable,  and  this  variation  is  often  due  to  the  disturb-l 
ing  action  of  granitic  intrusions.  The  Laurentian  is  an  extension  of 
the  third  belt  of  Rogers.  The  limestones  are  younger  than  the  PotsJ 
dam  quartzites,  and  are  regarded  as  calciferous;  the  mica-schists  and 
gneisses  certainly  overlie  the  limestones,  and  the  latter  therefore  begin] 
somewhere  in  the  Silurian,  and  possibly  mount  as  high  as  the  Devo-J 
nian. 

Chester,172  in  1890,  describes  the  gabbros,  gabbro-diorites,  and  horn-] 
blende-schists  of  Delaware  and  their  relations  to  the  surrounding  rocks.1 
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The  gabbro,  gabbro- diorites,  and  hornblende-schists  are  found  to  grade 
into  each  other  by  imperceptible  stages,  and  the  two  latter  are  regarded 
as  a  metamorphosed  product  of  the  former  and  all  of  igneous  origin. 
These  rocks  are  found  at  various  points  in  contact  with  the  mica-schists 
and  gneisses.  Where  the  eruptive  rocks  have  a  schistose  structure 
this  is  in  apparent  conformity  with  the  foliation  of  the  mica-schists. 
Sometimes  the  mica-schists  appear  to  dip  beneath  the  eruptive  rocks, 
and  at  other  times  to  overlie  them.  No  evidence  was  found  of  any 
bedding  not  coincident  with  the  cleavage.  The  unconformity  discov- 
ered by  Hall  between  the  trappean  rocks  and  mica-schists  in  Dela- 
ware county,  Pennsylvania,  was  not  found  on  the  Delaware  side  of 
the  line.  If  the  horizontal  bedding  described  exists,  it  is  so  obscured 
as  to  be  unrecognizable;  if  the  mica-schists  are  considered  to  lie  hori- 
zontally the  eruptive  character  of  the  gabbros,  gabro-diorites,  and 
hornblende  rocks  is  but  the  more  evident. 

GENERAL  LITERATURE. 

Martin,173  in  1886,  states  that  the  Tide-water  gneiss  has  mineralogi- 
cal  characters  which  distinguishes  it  strongly  from  the  gneisses  of  the 
northern  Laurentian  and  from  the  Highlands.  In  particular  the 
abundance  of  subsilicates  and  of  hydrous  silicates  is  to  be  noted. 

SUMMARY   OF  RESULTS. 

The  literature  summarized  clearly  shows  that  in  the  central  Appala- 
chian area,  as  in  the  northern,  only  general  certain  results  have  been 
reached.  While  there  are  numerous  areas  of  crystalline  rocks,  it  is  not 
clear  that  many  are  of  pre- Cambrian  age.  The  exceptions  are  the  Adi- 
rondacks ;  the  Highlands  of  New  Jersey,  with  its  norther^  extension 
the  Highlands  of  New  York,  and  its  southern  extension  South  moun- 
tain of  Pennsylvania;  and  the  eastern  area  of  Maryland.  A  part  of 
the  northern  extension  of  the  Blue  ridge  is  probably  also  to  be  here 
included. 

The  most  widespread  rock  in  the  Adirondacks  is  a  gabbro,  which  has 
all  of  the  characteristics  of  this  eruptive  rock.  The  outer  border  of  the 
mass  has  a  well  laminated  structure,  due  either  to  original  crystalliza- 
tion or  to  subsequent  metamorphism.  This  rock  is  in  all  respects  like 
the  Labradorian  or  Norian  of  the  Canadian  survey,  to  which  indeed  it 
has  been  referred  by  the  advocates  of  the  Norian  system.  The  bedded 
succession  of  gneisses,  limestones,  and  quartzites  is  in  nearly  all  re- 
spects like  the  original  Laurentian  described  by  Logan.  While  now  it 
nowhere  has  indubitable  clastic  characters,  its  beds  are  such  as  to  show 
that  it  was  originally  a  sedimentary  series.  Since  the  series  is  not 
closely  folded,  probably  the  principal  cause  of  its  metainorphism  is  the 
great  batholitic  mass  of  gabbro  occupying  the  core  of  the  mountains, 
which  seems  to  have  thrust  itself  up  among  the  elastics.     Whether  the 
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coarse  gneisses  which  underlie  the  limestones  belong  with  the  latter 
series  or  represent  an  earlier  one,  we  have  no  knowledge.  There  is, 
then,  in  this  district  a  possible  pre-clastic  series,  which  in  its  character, 
so  far  as  seen  and  described,  is  like  the  fundamental  complex,  the  true 
Archean ;  and  a  clastic  series  of  great  but  unknown  thickness  which 
belongs  with  the  Algonkian.  That  the  Adirondack  rocks  as  a  whole 
are  unconformably  below  the  Potsdam  has  been  unquestioned  from  the 
first. 

The  relations  of  the  Highland  area  of  New  Jersey  with  the  Potsdam 
sandstone  are  such  as  to  make  it  certain  that  between  them  there  is  a 
great  structural  break.  The  rocks  comprising  this  area^consist  largely 
of  granite-gneiss,  in  general  very  nearly  massive,  but  having  a  some- 
what laminated  arrangement  of  the  mineral  constituents.  The  strike 
of  the  lamination  conforms  closely  with  the  trend  of  the  area  as  a  whole, 
being  east  of  north  and  south  of  west.  The  gneisses  over  large  areas 
are  graphitic.  Interlaminated  with  them  are  beds  of  iron  ore,  and  j  I 
apparently  of  crystalline  limestone.  They  are  cut  by  various  basic  and 
acidic  eruptives. 

The  weight  of  opinion  in  former  years  has  been  in  favor  of  the  sedi- 1 
mentary  origin  of  this  gneissic  series.  Mather,  who  gave  by  far  the 
best  early  descriptions  of  the  district,  and  Nason,  who  has  recently 
been  closely  studying  the  limestones  of  New  Jersey,  find  that  the  white 
crystalline  limestones  which  have  been  regarded  as  Archean  grade 
into  the  blue  limestones  which  are  fossiliferous.  These  writers  regard 
all  of  the  white  limestone  as  parts  of  a  newer  series  which  have  been 
metamorphosed  either  as  a  result  of  extreme  folding  or  by  intrusive 
masses  of  granite  of  later  date,  with  which  they  are  frequently  asso- 
ciated. If  all  of  these  limestones  are  excluded  from  the  pre-Cambrian '; 
and  this  is  a  very  doubtful  assumption,  the  evidence  in  favor  ,of  the 
detrital  origin  of  the  Highland  area  is  restricted  to  the  widely  dissem- 
inated graphite  and  to  the  magnetite  beds  of  iron  ore.  Magnetite  is 
widely  associated  with  certain  belts  of  the  granite-gneisses  of  New 
Jersey,  but  this  and  its  concentration  in  lenticular  masses  within  the 
gneisses  in  the  form  of  magnetite  can  hardly  be  considered  as  decisive 
evidence  of  their  sedimentary  character.  The  magnetites  associated 
with  the  basal  gabbros  of  the  lake  Superior  Keweenawan  are  in  purely 
igneous  rocks.  The  graphite  of  the  graphitic  gneiss  is  a  point  of  more 
weight.  The  absence  of  graphite  as  an  important  constituent  over 
large  areas  in  any  definitely  determined  igneous  granite- gneiss,  bears 
in  favor  of  the  sedimentary  origin  of  the  gneissic  series.  If  this  theory 
proves  true,  the  Highland  gneissic  series  more  nearly  approaches  the 
characters  of  a  massive  eruptive  than  any  other  metamorphic  sedimen- 
tary rock  known  to  the  writer.  Upon  the  whole,  in  the  regularity  of  its 
lamination,  in  its  lack  of  extreme  contortion  and  foliation,  and  in  the 
presence  of  graphite,  the  Highland  gneiss  is  not  like  the  fundamental 
complex,  the  genuine  Archean  of  Canada  and  the  West.     However, 
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there  are  no  certain  criteria  upon  which  it  can  be  referred  either  to 
the  Algonkian  or  Archean.  It  must  be  simply  classified,  so  far  as  pres- 
ent knowledge  goes,  as  pre-Cambrian. 

If  it  can  not  yet  be  decided  whether  the  Highland  gneisses  are  sedi- 
mentary the  supposed  structural  divisions  of  Britton  and  Nason  can 
be  regarded  as  only  lithological.  Britton's  arrangement  of  a  massive 
group  in  the  cores  and  schistose  groups  on  the  outer  parts  of  the  ranges 
can  be  as  well  explained,  as  has  been  repeatedly  seen,  by  the  eruptive 
theory  of  the  origin  of  the  series  as  by  the  sedimentary.  From  Mason's 
work  it  appears  that  certain  varieties  of  rock  have  a  continuous  wide- 
spread distribution ;  but  the  descriptions  show  that  his  various  types 
grade  into  each  other  instead  of  being  sharply  differentiated  as  supposed. 
Magnetite  is  the  distinguishing  characteristic  of  one  type,  and  yet,  in 
order  to  make  out  the  continuity  of  this  belt,  rocks  have  to  be  classed 
with  this  type,  in  which  hornblende  and  biotite  are  the  chief  basic  con- 
stituents. The  same  thing  is  true  of  the  second  type,  in  which  the  horn- 
blende, the  distinguishing  characteristic,  is  locally  almost  wholly  re- 
placed by  magnetite  or  biotite. 

Of  the  eastern  Crystalline  area  of  Maryland  nothing  can  be  said  as 
to  age,  except  that  it  is  pre-Cambrian. 

The  work  of  Mather  and  Dana  in  eastern  New  York  and  on  Man. 
hattan  island,  the  work  of  Emerson,  Dale,  Wolff,  and  Pump.elly  in  the 
adjacent  district  in  Massachusetts,  combined  with  the  paleontological 
work  of  Walcott,  show  beyond  all  reasonable  doubt  that  a  considera- 
ble part  of  the  crystalline  area  of  southeastern  New  York,  including  in 
all  probability  Manhattan  island  itself  and  the  so-called  Taconics,  be- 
long with  the  Cambrian  and  post-Cambrian  formations.  The  detailed 
evidence  for  this  is  rather  for  another  to  consider. 

Various  other  crystalline  areas  in  southeastern  Pennsylvania,  in 
Maryland  and  in  Delaware,  are  in  large  measure  metamorphosed  Cam- 
brian and  post-Cambrian  rocks,  as  shown  by  the  work  of  Bogers,  Hall, 
Williams,  and  Chester.  There  are  also  probably  in  these  areas  pre- 
Cambrian  rocks,  although  often  the  gradations  described  between  the 
gneissic  series,  supposed  to  be  pre-Cambrian  and  the  crystalline 
schists  supposed  to  be  Cambrian  or  post-Cambrian,  are  so  complete  as 
to  leave  the  reader  quite  in  doubt  as .  to  the  reality  of  the  break  sup- 
posed to  exist  between  them. 

Among  all  the  earlier  writers  on  the  crystalline  rocks  of  the  Middle 
Atlantic  states,  Mather  is  distinguished  for  the  fidelity  of  his  descrip- 
tions and  for  the  keenness  of  his  insight.  While  in  his  great  New 
York  report  of  1843  there  are  some  crude  notions,  the  comprehensive 
general  results  announced  accord  to  a  remarkable  degree  with  the 
views  held  by  the  best  informed  of  the  geologists  who  are  working  in 
this  field  to-day. 
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SECTION  III.      THE   SOUTHERN  ATLANTIC   STATES. 

LITERATURE   OF   THE    VIRGINIAS. 

Cornelius,174  in  1818,  finds  west  of  the  Secondary  formations  ranges 
of  granites,  schists,  and  other  primitive  rocks.  The  Bine  ridge  is  the 
dividing  line  between  the  granite  and  the  limestone  country  to  the  west- 
ward. 

Eooers  (W.  B.),175  in  1840,  describes  the  southern  district  east  of  the 
Bine  ridge  as  occupied  mostly  by  rocks  of  very  ancient  date,  most  of 
them  believed  to  be  primary.  A  part  of  them  are  in  irregular  masses, 
and  others  have  regular  stratification,  but  all  are  alike  considered  of 
metamori)hic  origin.  Aside  from  these  there  occur  igneous  rocks.  The 
more  important  metamorphic  rocks  are  granite,  syenite,  gneiss,  mica- 
slate,  talc-slate,  argillaceous  slate,  pseudo-  gneiss  or  gneissic  sandstone, 
soapstone  rocks,  micaceous  and  talcose  limestones,  and  marbles.  By 
pseudo-gneiss  or  gneissoid  sandstone  is  meant  rocks  which  resemble  the 
truly  crystalline  rocks,  but  which  plainly  betray  their  sedimentary  ori- 
gin by  the  rounded  character  of  the  quartz  and  other.constituents  which 
compose  them.  The  igneous  rocks  cut  the  shales  and  sandstones  of  the 
Middle  Secondary. 

Sogers  (W.  B.),176  in  1841,  gives  the  geological  occurrences  of  the 
primary  and  metamorphic  rocks.  In  these,  beds  of  limestone  are 
included  at  various  points.  Quartz-slate  and  quartzite  are  found  in  the 
Bull  Eun  mountains  and  other  localities. 

Fontaine,177  in  1875,  describes  several  sections  of  crystalline  rocks 
which  are  regarded  as  pre- Silurian.  Among  them  are  argillite,  green- 
stone, and  syenite.  At  a  tunnel  the  contact  of  the  Silurian  with  the 
argillite  is  beautifully  exposed  and  the  great  contrast  of  the  two  sys- 
tems is  well  shown. 

Fontaine,178  in  1875,  describes  the  central  part  of  the  Blue  ridge  as 
consisting  of  coarse  granites  and  gneisses  of  Laurentian  age.  Along 
the  eastern  slope  of  the  syenite  is  a  formation  of  argillites  which  is  cov- 
ered by  a  series  of  mica-slates,  schists,  and  gneisses.  The  axis  is  occu- 
pied by  talcose  limestones,  quartzites,  mica-slates,  and  hydromica- slates 
which  closely  resemble  those  in  Berkshire  county,  Massachusetts.  In 
this  belt  are  probably  two  systems,  one  older  than  the  Primordial,  and 
the  other  metamorphosed  Silurian.  The  unconformity  which  exists 
between  the  syenite  and  argillite  apparently  shows  the  latter  to  be 
Huronian,  although  its  age  is  not  positively  determined. 

Campbell  (J.  L.),179  in  1879,  states  that  the  Archean  rocks  of  the 
Blue  ridge  are  granite  and  syenite.  They  underlie  the  stratified  rocks 
of  the  region,  but  are  probably  more  recent  than  they,  being  thrown 
upward  through  them.  The  bedded  rocks  resting  upon  the  syenite  are 
much  metamorphosed  and  gneissoid  in  character.  These  are  followed 
by  a  bed  of  conglomeratic  quartzite  and  slates,  upon  which  lie  uncon- 
formably  the  Primordial  rocks. 
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Campbell  (J.  L.),1H0  in  1880,  describes  the  metamorphic  Archean 
rocks  along  the  James  river  and  Kanawha  canal  as  including-  lime- 
stones, schists,  and  quartzites. 

Campbell  (J.  L.),181  in  1880,  describes  the  Archean  rocks  at  James 
river  gap  as  consisting  of  granulite  and  syenite,  upon  which  rest  much 
metamorphosed  beds  of  conglomeratic  quartzite,  and  over  these  slates. 
These  Archean  rocks  are  unconfonnably  below  the  Primordial  rocks, 
which  contain  fragments  of  slate,  crystals  of  feldspar,  epidote,  etc., 
more  or  less  waterworn  and  cemented  together.  The  slates  were  met- 
amorphosed before  they  were  deposited  in  the  Primordial  strata.  The 
syenite  and  granulite  are  eruptive  rocks  which  have  been  thrown  up 
since  the  deposition  of  the  Primordial,  as  is  indicated  by  the  fact  that 
the  stratified  rocks  dip  at  a  high  angle  away  from  the  igneous  masses, 
and  also  from  the  influence  of  heat  exerted  upon  the  overlying  slates 
and  sandstones.  Higher  in  the  series  traces  are  found  of  metamorphic 
changes.  The  syenite  and  granulite  are  supposed  to  be  the  result  of 
aqueo-igneous  fusion  and  to  represent  material  which  is  really  older 
than  the  stratified  rocks. 

Fontatne,182  in  1883,  describes  the  Blue  ridge  between  Turks  gap 
and  Balcony  falls  as  consisting  of  Laurentiaii,  Huronian,  and  Primor- 
dial rocks.  The  first  is  mostly  gneiss;  the  second  mostly  homblendic, 
micaceous,  and  argillaceous  schists;  and  in  the  Primordial  is  found 
Seolithus. 

Kqgers  ( W.B.),183  in  1884,  states  that  the  Blue  ridge  is  a  continuation 
of  the  Green  mountains  of  Vermont,  the  Highlands  of  New  York  and 
New  Jersey,  and  the  South  mountain  of  Pennsylvania,  and,  continued 
southwar d,  becomes  the  Smoky  or  Unaka  mountains  of  Tennessee.    The 
rocks  consist  for  the  most  part  of  the  older  metamorphic  strata,  includ- 
ing gneiss,  and  micaceous,  chloritic,  talcose,  and  argillaceous  schists, 
together  with  masses  referable  to  the  earliest  Appalachian  formations, 
sometimes  in  a  highly  altered  condition.     Innumerable  dikes  and  veins 
of  all  dimensions,  and  consisting  of  a  vast  variety  of  igneous  materials, 
ipenetrate  this  belt,  disturbing  and  altering  its  strata  in  a  remarkable 
degree.     Southern  dips  are  prevalent  throughout  the  whole  of  the 
region.     This  is  particularly  the  case  in  the  southeastern  or  most  dis- 
turbed side  of  the  belt,  but  on  the  northwest  side  the  reverse  dips  are 
more  common.     In  many  cases  the  ordinary  anticlinal  and  synclinal 
structures  are  regarded  as  overturned  in  a  northwest  direction,  which 
makes  the  two  sides  of  the  fold  approximately  parallel,  and  when  this 
s  not  the  case  gives  the  northwest  sides  a  deeper  dip  than  the  south- 
sastern.     In  many  of  the  sections  the  unconformity  between  the  Cam- 
brian and  the  crystalline  metamorphic  rocks  is  unmistakable,  the  lower 
nembers  of  the  former  being  seen  to  rest  on  the  slope  of  the  ridge,  with 
lorthwest  undulating  dips  on  the  edges  of  the  southeastward-dipping 
>lder  rocks.     In  other  cases  the  primal  beds,  thrown  into  southeast 
lips  in  the  hills  which  flank  the  Blue  ridge,  are  made  to  underlie,  with 
Bull.  8() 21 
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more  or  less  approximation  to  conformity,  the  older  rocks  forming  the 
central  part  of  the  mountain.  Bnt  even  in  those  instances  it  is  not  dif- 
ficult to  discern  the  true  relations  of  the  strata.  As  examples  of  the 
phenomena  are  the  sections  exposed  at  Yestals,  Gregorys,  Snickers, 
and  Manassas  gaps,  and  Jeremies  run,  in  the  northern  part  of  the  Blue 
ridge;  and  at  Dry  run,  Turks,  Tye  river,  Whites,  James  river,  point 
Lookout,  Fox  creek,  and  White-top  mountain  gaps,  in  the  middle  and 
southwestern  prolongation  of  the  chain. 

Campbell  (J.  L.  and  H.  D.),184  in  1884,  conclude  from  an  examina- 
tion of  the  Snowdon  quarries  that  the  core  of  the  Blue  ridge  is  an  igneous 
mass  belonging  to  the  Archean,  and  that  upon  its  northwestern  slope 
are  unconformable  beds  of  slates,  sandstones,  and  conglomerates  which 
are  Potsdam  or  Cambrian.  They  are  in  a  highly  metamorphosed  condi- 
tion, and  were  regarded  by  Eogers  as  Huronian,  and  by  the  authors  as 
pre-Cambrian,  but  the  discovery  of  fossils  in  them  has  definitely  deter- 
mined their  age.  The  slaty  cleavage  of  the  quarries  sometimes  corre- 
sponds with  the  planes  of  original  bedding  or  stratification,  but  more 
frequently  is  more  or  less  oblique  to  the  strata. 

Geigker  and  Keith,185  in  1891,  in  discussing  the  structure  of  the  dis- 
trict about  Harpers  ferry,  state  that  between  the  Cambro- Silurian 
shale  and  the  granite- schist  there  is  an  unconformity  of  the  ordinary 
type  of  deposition. 

LITERATURE   OF   NORTH   CAROLINA. 

Olmsted,186  in  1824,  describes  as  parallel  with  the  freestone  and 
coal  formations  a  great  slate  formation  which  extends  across  the  state 
from  northeast  to  southwest,  being  about  20  miles  wide,  running 
through  Person,  Orange,  Chatham,  Eandolph,  Montgomery,  Cabarrus, 
Anson,  and  Mecklenburg  counties.  Within  this  district  are  found 
numerous  beds  of  porphyry,  soapstone,  serpentine,  greenstone,  and 
whetstone.  From  Halifax  to  Person  courthouse  hardly  any  kind  of 
rock  but  granite  is  met. 

Olmsted,187  in  1825,  more  fully  describes  the  great  slate  formation, 
which  includes  argillite,  greenstone,  porphyry,  uovaeiilite,  petrosiJexj 
hornstone,  black  steatite,  ^syenite,  etc.  Between  the  great  slate  forma- 
tion and  the  Blue  ridge  is  a  granitic  district,  various  limestone  beds, 
and  a  transition  formation.  The  granitic  district  occupies  the  whole 
country,  with  subordinate  exceptions,  from  the  slate  formation  to  the 
Blue  ridge.  The  term  granitic  as  here  used  embraces  gneiss  and  mica- 
slate  as  well  as  granite.  Among  the  subordinate  beds  non  earc  so 
numerous  as  greenstone.  In  Stokes  and  Surrey,  in  connection  with 
the  iron  ores,  are  numerous  isolated  beds  of  limestone  which  lie  in  niica- 
slate  rocks. 

Mitchell,188  in  1820,  states  that  of  the  primitive  rocl*  of  North  Car- 
olina, the  more  ancient  lie  farther  west  and  the  more  recent  in  the  mid- 
land counties.     Those  of  the  eastern  division  are  highly  crystalline  in 
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their  structure,  consisting  of  gneiss,  slate,  and  schist,  with  some  granite, 
while  those  of  the  western  division  are  almost  exclusively  granife. 
The  transition  argillite  is  widespread,  and  in  it  occurs  most  of  the  gold 
mines. 

Mitchell,189  in  1842,  describes  as  primitive  formations  the  granites, 
gneiss,  mica-slate,  chlorite-slate,  hornblende-slate,  and  talcose-slate, 
quartz-rock,  serpentine,  and  limestone.  A  vast  body  of  granite  trav- 
erses the  state  in  a  northeast  and  southwest  direction,  comprising  a 
large  part  of  Person,  Caswell,  Orange,  Guilford,  Randolph,  Davidson, 
Rowan,  Cabarrus,  and  Mecklenburg  counties;  also  some  of  Lincoln, 
Iredell,  Davie,  Stokes,  and  Rockingham  counties.  Within  this  belt  is  no 
well  denned  gneiss,  micaceous  primitive  slate,  serpentine,  or  limestone. 
West  of  this  formation  are  the  most  ancient  primitive  rocks,  on  the 
upper  waters  of  the  Dan,  Yadkin,  Catawba,  and  French  Broad.  Here 
are  a  great  variety  of  granites.  Gneiss  and  slate  also  occur.  All  of 
these  are  interstratified.  Limestones  are  found  at  three  points  in 
Stokes  county.  In  Anson  and  Richmond  counties  is  a  beautiful  por- 
phyritic  granite.  East  of  the  red  sandstone  in  the  counties  of  Cumber- 
land, Wake,  Granville,  Warren,  Franklin,  Nash,  Johnston,  Halifax, 
and  Northampton,  is  another  body  of  ancient  primitive  rock  in  which 
granite  prevails. 

Emmons  (E.),190  in  1856,  gives  a  systematic  account  of  the  crystal- 
line rocks  of  North  Carolina.  Rocks  of  igneous  origin  are  often  massive, 
but  also  frequently  are  laminated,  and  laminated  rocks  are  frequently 
called  stratified,  but  this  latter  term  should  be  restricted  to  the  sedi- 
mentary  rocks.  The  inetainorphic  rocks  are  excluded  from  the  sedi- 
mentary classification  because  all  rocks  may  become  metamorphic,  and 
a  stratum  metamorphic  in  one  locality  may  not  be  metamorphic  fai 
another.  The  highest  proof  of  the  age  of  rocks  is  the  order  of  super- 
position. When  this  method  can  be  applied  it  is  paramount,  but  pale: 
ontology  may  be  used  subject  to  proper  principles.  At  the  base  of  the 
Paleozoic,  under  the  Silurian,  is  placed  the  Taconic. 

The  granitic  formations  are  regarded  as  eruptive  or  pyrocry  stall  inc. 
They  form  two  continuous  belts,  which  cross  the  state  in  a  northeast 
and  southwest  direction.  The  eastern  one  is  the  Raleigh  belt,  and  the 
western  one  the  Salisbury  and  Greensboro  belt.  Granite  is  generally 
the  underlying  rock,  but  there  are  cases  on  record  in  which  it  is  shown 
that  it  is  an  overlying  one.  At  Warrenton,  in  Warren  county,  of  the 
Raleigh  belt,  it  is  found  to  overlie  gneiss,  mica-slate,  and  hornblende, 
where  it  is  considered  to  have  been  projected  through  fissures  in  these 
rocks.  This  eastern  belt  contains  no  metallic  veins,  nor  is  it  cut  by  trap 
or  other  instrusive  rocks.     Its  breadth  is  from  20  to  25  miles. 

The  Salisbury  granite  is  frequently  syenitic,  that  is,  hornblende  takes 
the  place  of  mica.  This  belt  is  cut  by  numerous  peculiar  dike  rocks  in 
which,  when  they  decompose,  the  hornblende  trap  appears  in  dark- 
green  stripes,  and  many,  when  carefully  examined,  have  assumed  the 
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structure  of  a  sediment  or  a  laminated  rock,  and  which  often  appears 
like  the  dark-green  slates  of  the  Taconic  system.  This  singular  stinc- 
ture  of  an  eruptive  rock  is  interesting  and  important,  as  it  proves  that 
it  may  be  produced  in  rocks  which  have  been  regarded  as  sediments, 
but  which,  in  these  cases,  are  the  farthest  removed  from  rocks  of  this 
description,  and  with  which  water  has  had  nothing  to  do.  The  lamina 
are  sometimes  as  thin  as  paper,  and  from  their  appearance  can  not  be 
distinguished  from  the  slates  referred  to.  These  dikes  are  bounded  by 
walls  of  granite,  and  are  frequently  only  from  6  to  10  inches  wide.  The 
mineral  veins  are  generally  found  on  the  borders  of  the  granite  areas, 
usually  within  1  or  2  miles  of  the  slate.  This  western  belt  is  10  to  14 
miles  wide. 

Among  laminated  pyrocrystalline  rocks  are  placed  gneiss,  mica- 
schist,  talcose  slates,  hornblende,  and  certain  limestones.  It  is  difficult 
to  determine  the  line  of  demarkation  between  gneiss  and  granite,  as 
frequently  there  are  passage  beds  connecting  one  with  the  other.  As 
to  the  pyrocrystalline  limestones,  they  certainly  occur  among  the  gneiss 
and  mica-slate  and  hornblende-rocks  with  laminae  parallel  with  them, 
but  still  they  have  many  characters  which  belong  only  to  the  eruptive 
rocks. 

Resting  upon  the  laminated  pyrocrystallines,  with  the  granite  as  a 
substratum,  are  rocks  of  sedimentary  origin  which  are  supposed  to  be 
Azoic.  Above  these  are  other  rocks  which  have  been  in  the  past  re- 
garded as  Azoic  but  are  nowr  found  to  be  fossiliferous.  The  older  deep 
seated  sediments  are  sometimes  distinguished  with  difficulty  from  the 
true  primary  series,  their  lithological  characters  very  often  belonging  to 
the  same  order.  It  might  be  doubted  whether  they  were  sediments  at 
all  were  it  not  that  they  are  associated  with  conformable  pebbly  beds, 
which  is  the  only  x>roof  that  these  rocks  are  really  sedimentary. 

The  Taconic  rocks  are  divided  into  lower  and  upper  parts.  The  lower 
series  contains  talcose  slates  with  white  and  brown  sandstones  and 
quartz,  with  granular  limestones  and  associated  slates,  and  with  these 
occur  hornblende,  which  makes  it  difficult  to  determine  where  the  pri- 
mary rocks  end  and  the  Taconic  begins,  especially  when  the  pebbly 
beds  are  absent.  Vitrified  quartz  can  not  be  regarded  as  always  an  ig- 
neous product,  but  rather  as  a  deposit  of  silica  from  chemical  solution. 
The  materials  composing  the  belts  of  detritus  are  apparently  derived 
from  the  granites,  as  shown  by  the  fact  that  the  quartz  and  feldspar  of; 
these  rocks  are  distinguishable  in  the  brecciated  conglomerates. 

Kerr,  J9t  in  1867,  finds  that  the  slates  of  western  North  Carolina 
have  an  average  strike  of  N.  50  °  E.,  the  dips  being  high  to  the  south- 
east, for  the  most  part  about  05°.  The  greatest  variations  in  strike 
and  dip  are  in  the  central  area,  where  the  strata  are  contorted  and 
folded  to  an  unusual  degree.  This  region  extends  from  the  Black 
mountains  to  the  southeastern  corner  ot  Clay  county.  This  central 
area  is  the  axis  of  the  state  and  is  composed  for  the  most  part  of  granitic 
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and  gneisses  rocks  which  are  extremely  metamorphosed.  These  rocks, 
as  well  as  the  slates  and  schists,  belong  to  the  most  ancient  of  the 
Azoic  series,  and  the  Black  mountains  are  the  oldest  part  of  this 
Azoic. 

Kerr,  ,92  in  1875,  gives  a  systematic  account  of  the  geology  of  North 
( Carolina.  The  Azoic  rocks  are  divided  into  Huronian,  Laurentian,  and 
Igneous.  With  the  Huronian  are  placed  the  siliceous  and  argillaceous 
slates  and  conglomerates,  micaceous  and  hornblendic  slates  and  schists, 
chlorites,  quartzites  and  diorites,  with  eherty,  jaspery  and epidotie  beds, 
and  much  specular  iron  ore.  The  Laurentian  includes  gneiss,  granite, 
hornblende  slates,  etc.,  while  the  Igneous  includes  granite,  syenite, 
porphyry,  etc. 

The  Laurentian  occurs  in  four  areas.  The  .Ealeigh  area  is  a  belt  20 
or  25  miles  wide,  running  northeast  from  this  place  to  the  state  line, 
and  consisting  of  light  colored  and  gray  gneisses  which  occasionally 
pass  into  granite.  These  are  cut  by  coarse  syenite  and  diorite  dikes. 
The  second,  the  Salisbury  granite  area,  is  from  10  to  30  miles  wide,  and 
lias  an  area  of  about  3,000  square  miles.  The  prevalent  rocks  are 
syenite,  dolerite,  greenstone,  amphibolite,  granite,  porphyry,  and  tra- 
chyte. In  it  there  is  no  well  defined  gneiss,  mica-slate,  serpentine, 
or  limestone.  The  large  area  of  Mecklenburg  syenite  is  regarded  as 
the  oldest  rock  of  North  Carolina,  the  bottom  of  the  Laurentian.  West 
of  the  Salisbury  area  is  the  largest  connected  area  of  Laurentian  in  the 
state,  covering  not  less  than  16,000  square  miles.  It  closely  resembles 
the  Raleigh  area,  especially  in  the  southeastern  part,  where  it  consists 
of  a  succession  of  schists,  gneisses,  and  slates,  for  the  most  part  thin 
bedded,  and  only  occasionally  showing  granite-like  masses  and  syenites 
which  are  generally  in  the  forms  of  dikes.  Belonging  with  this  series 
are  probably  the  interstratified  crystalline  limestones  of  Forsyth,  Yad- 
kin, and  Stokes.  The  outcrops  are  generally  limited  to  two  or  three 
rods  in  thickness,  a  few  hundred  yards  in  length,  and  seem  to  graduate 
into  the  neighboring  gneisses.  The  fourth  considerable  area  of  Lauren- 
tian rocks,  occupying  an  area  of  3,000  or  4,000  square  miles,  is  west  of 
the  Blue  ridge,  between  this  range  and  the  Smoky  mountains.  This  is 
probably  a  continuation  of  the  preceding  belt,  being  separated  from  it 
by  a  narrow  belt  of  Huronian  slates,  and  like  it  containing  crystalline 
limestones. 

The  Huronian  follows  the  Laurentian  without  a  break  of  geological 
continuity.  These  rocks  are  found  in  five  principal  lines  of  outcrops. 
These  are  that  east  of  the  Ealeigh  Laurentian,  that  between  the  Ra- 
eigh  and  Salisbury  granite,  that  west  of  the  Salisbury  granite  or 
King's  mountain  belt,  that  of  the  Blue  ridge  mountains,  and  that  of 
}he  great  Smoky  mountains,  called  the  Cherokee  slates.  These  belts 
ire  placed  with  the  Huronian  because  they  succeed  the  Laurentian, 
iinl  because  they  differ  from  them  in  degree  of  metamorphism  and 
ithological  character,  so  that  the  change  from  one  to  the  other  is  ob- 
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vious  along  the  whole  line  of  contact.  The  slates  included  are  often 
highly  plumbaceous,  sometimes  containing  as  high  as  50  per  cent 
of  graphite,  and  also  contain  beds  of  coarse  granular  limestone,  in 
which  is  tremolite  as  well  as  magnetic  iron  in  bedded  veins  some 
times  20  feet  in  thickness.  Conglomerate  belts  are  common.  The 
second  Huronian  area  is  the  largest,  is  from  20  to  40  miles  wide,  fre- 
quently contains  quartzite,  which  often  passes  into  conglomerate,  and 
in  it  are  most  of  the  mineral  veins.  The  western  dips  prevail,  but  in 
the  western  part  of  the  tract  the  dip  is  east  for  several  miles.  This 
belt  is  bounded  on  both  sides  by  the  Laurentian,  on  which  it  lies  un- 
conformably  and  from  it  its  materials  were  derived.  This  is  the  prin- 
cipal area  of  Emmons's  Taconic.  The  western  Huronian  area  by  Safford 
and  Bradley  has  been  concluded  to  be  Potsdam  and  sub-Potsdam.  If 
this  turns  out  to  be  Silurian  it  is  probable  that  the  Cherokee,  Blue 
ridge,  and  King  mountain  belts  are  of  the  same  age  and  therefore  post- 
Huronian. 

Furman,193  in  1889,  describes  a  section  through  King's  mountain, 
running  from  5  miles  northwest,  and  another  from  the  old  gold  mine 
to  the  granite.  The  rocks  have  a  high  inclination  and  consist  of  inter- 
stratified  quartzite,  limestone,  mica-slate,  etc.,  cut  by  dikes  of  trap 
and  greisen  veins. 

LITERATURE   OF    TENNESSEE. 

Troost,194  in  1840,  describes  the  Primordial  rocks  of  Tennessee  as 
occurring  in  detached  areas  along  the  eastern  side  of  the  state.  These 
are  granitic  and  are  associated  with  greywackes,  which  are  fossilifer- 
ous.  The  state  line  is  approximately  the  dividing  line  between  the 
crystallines  and  the  fossiliferous  rocks. 

Owen,195  in  1842,  states  that  the  metamorphic  rocks  in  the  Unaka 
mountains  dip  at  a  high  angle  toward  the  granitic  rocks.  These  rela- 
tions are  supposed  to  be  due  to  dislocations. 

Cltrrey,196  in  1857,  states  that  the  Great  Smoky  mountains  are  of 
granite,  gneiss,  mica- slate,  talcose  slate  and  quartz  rock.  The  sand- 
stones, shales,  and  slates  on  the  western  descent  of  the  mountains  are 
regarded  as  primitive  or  metamorphic.  They  are  in  an  inclined  posi- 
tion, dipping  inwardly  toward  the  center  of  the  mountain,  the  Primor- 
dial rocks  appearing  to  overlie  them.  No  anticlinal  or  synclinal  axes 
are  found,  and  the  tilting  is  explained  by  faults. 

Safford,197  in  1869,  places  the  lowest  formations  of  Tennessee  as 
Potsdam  and  metamorphic.  The  Ocoee  group  is  at  the  base  of  the 
Potsdam  and  is,  so  far  as  known,  Eozoic.  The  metamorphic  formations 
are  altered  rocks,  Azoic  or  Eozoic  in  part,  mountain-making,  and  many 
thousand  feet  thick.  They  include  the  talcose  slate,  in  part,  of  Beech 
mountain  and  Slate  face,  in  Johnson  county;  gneissoid  rocks  of  Stone 
mountain ;  the  syenitic  gneiss  of  Roan  mountain;  the  gneiss  and  mica- 
schist  of  the  Great  Bald;  the  talcose  slates  and  hornblendic  beds  of 
Ducktown. 
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The  Ocoee  or  basal  division  of  the  Potsdam  is  semimetamorphic, 
Eozoic,  mountain-making,  and  has  a  thickness  of  10,000  feet.  Equiv- 
alent with  this  are  the  slates  and  conglomerates  of  Monroe  county,  the 
Little  Tennessee  river,  the  west  fork  of  Little  Pigeon,  of  Sevier  county,  of 
the  French  Broad  in  Cocke  county,  of  Big  Butt,  and  of  Laurel  gap  of 
Iron  mountain.  The  metamorphic  rocks  occur  in  stratified  beds,  are 
mostly  of  the  variety  called  gneiss  or  stratified  granite,  and  all  are  met- 
amorphic. The  line  of  separation  between  the  metamorphic  rocks  and 
those  to  the  west  is  sometimes  well  defined,  but  often  poorly,  the  rocks 
gradually  losing  their  crystalline  characters  and  running  insensibly 
into  the  adjacent  conglomerates  and  slates.  The  general  line  of  sepa- 
ration conforms  to  the  Appalachian  ridges.  The  metamorphic  beds  and 
the  other  groups  all  appear  to  follow  the  same  law  of  dip  and  strike. 
The  dip  is  in  the  main  at  a  high  angle  to  the  southeast.  The  author 
has  not  been  able  to  satisfy  himself  as  to  want  of  conformableness  in 
thQ  beds,  although  in  Johnson  county  the  metamorphic  gneiss  comes  ab- 
ruptly against  the  limestone  j  and  other  similar  cases  occur,  but  these 
unconformable  junctions  are  naturally  referable  to  local  fractures  and 
displacements,  and  this  unconformableness  is  local  and  not  the  rule. 
There  is  no  reason  for  believing  that  the  metamorphosed  beds  include 
formations  of  any  more  recent  date  than  the  Ocoee  conglomerates  and 
slates,  and  a  portion  of  them  are  certainly  referable  to  this  group.  The 
remainder,  although  conformable,  may  be  and  most  likely  are  older. 
The  transitions  froin  the  slates  and  conglomerates  to  the  gneiss  and 
mica-schists  are  well  seen  at  Ducktown  and  at  the  Ocoee.  There  is  no 
sufficient  reason  for  referring  any  of  these  rocks  to  the  Huronian  or 
Laurentian. 

Bradley,198  in  1875,  describes  sections  in  east  Tennessee  from  Athens 
to  Murphy,  and  from  Knoxville  to  Murphy.  The  rocks  include  semi- 
metamorphosed  slates,  like  those  of  Ocoee,  quartzites,  crystalline  lime- 
stones, and  gneisses,  all  being  regarded  as  probably  of  Silurian  age, 
with  the  possible  exception  of  the  massive  granite  at  Marietta,  Oobb 
county,  Georgia.  The  Silurian  rocks  thus  include  the  Taconic  and 
pyroclastic  rocks  of  Emmons. 

Elliott,199  in  1883,  states  that  the  mica-schist  and  gneiss  at  Jasper 
dips  beneath  the  marble  and  is  therefore  metamorphosed  Knox  sand- 
stone. The  porphyritic  gneiss  of  the  West  Atlantic  railway  is  identi- 
cal with  that  at  Talking  rock,  and  is  a  metamorphosed  form  of  the 
Ocoee  sandstone. 


LITERATURE    <>F    SOUTH    CAROLINA. 


Euffin,200  in  1843,  describes  as  primitive  the  limestones  which  enter 
South  Carolina  at  York,  west  of  Kings  mountain,  and  run  to  Spartan- 
burg. Embracing  nearly  all  the  country  above  the  lower  falls  of  the 
river  is  a  granitic  region. 

Tuomey,201  in  1818,  gives  a  report  on  the  geology  of  South  Carolina. 
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The  unstratified  or  igneous  rocks  underlie  the  stratified  rocks,  or  are 
pushed  up  through  them,  and  include  granitic  and  basaltic  rocks, being 
generally  found  in  the  form  of  dikes.  Discordances  between  slaty 
cleavage  and  bedding  are  found.  The  crystalline  structure  of  the  Pri- 
mary stratified  rocks  is  supposed  to  be  due  to  heat  which  comes  from 
the  contact  of  the  underlying  intensely  heated  granite.  These  forma- 
tions have  no  invariable  order  of  superposition,  although  they  generally 
overlie  each  other  in  the  following  manner :  Clay  slate,  talcose  slate, 
mica-slate,  hornblende-slate,  gneiss;  and  associated  with  these  are 
also  beds  of  limestone,  quartz,  chlorite,  slate,  and  soapstone. 

A  very  massive  gneiss,  known  as  "  table  rock,"  on  the  west  side  of 
Saluda,  rests  unconforinably  upon  the  slates,  and  is  regarded  as  evi- 
dence of  the  prior  deposition  of  the  slates,  and  also  as  evidence  of  a 
time  break  between  the  two.  The  mica- slates  pass  by  insensible  gra- 
dations into  the  talcose  slates.  The  lime  rock  is  interlaminated  both 
with  gneiss  and  with  mica-slates,  the  latter  occurring  at  Kings  moun- 
tain. The  quartz  rocks  are  regarded  as  residual  material  left  by  the 
disappearance  of  the  micaceous  and  talcose  portion  of  the  rock.  It 
sometimes  passes  into  a  conglomerate-like  phase,  but  this  is  a  step 
on  the  way  toward  complete  crystallization.  The  quartz  rock  at  times 
passes  into  itacoluniite.  The  magnetic  and  hematitic  ores  are  asso- 
ciated mostly  with  the  slates  and  limestones,  and  appear  as  beds 
interlaminated  with  and  grading  into  them. 

Lieber,  202  in  1858,  describes  the  rocks  of  Chester  and  York  districts. 
They  are  divided  into  clay-slate,  which  includes  limestone,  itacoluniite, 
and  specular  schist;  and  hornblende-slate,  which  includes  talcose  slate 
and  mica-slate.  The  first  class,  which  may  possibly  be  Paleozoic,  ap- 
pears wherever  the  Tertiary  deposits  have  been  removed  by  erosion. 
It  has  a  dip  unconformable  to  the  talcose  slate.  Itacoluniite  is  de- 
scribed, and  below  it  at  times  are  found  specular  schist  and  above  it 
limestone.  The  igneous  rocks  are  divided  into  trachytic,  trappean, 
and  granitic  rocks.  The  trachytic  rocks  include  eurite,  quartz-por- 
phyry, coarse  trachyte,  domite,  and  phonolith;  the  trappean  rocks  in- 
clude diorite,  diorite- slate,  soapstone  (?),  talcose  trap  (?),  melaphyre, 
and  aphanitic  porphyry;  the  granites  include  coarse  grained  granite, 
syenite,  and  other  granite  and  gneiss. 

Lieber,203  in  1858,  divides  the  rocks  of  Union  and  Spartanburg  into 
a  Super-itacolumite,  ltacolumite,  and  Sub-itacolumite  groups.  The  first 
includes  limestone.  The  second  includes  itacolumite  with  talcose  slate, 
limestone,  specular  schists,  and  itacolumite  conglomerate.  The  third 
includes  clay -si  ate,  talcose- si  ate,  mica-slate,  and  gneiss.  There  is  no 
definite  proof  that  the  gneiss  occupying  the  lowest  position  is  of  sedi- 
mentary origin.  Indeed  there  is  greater  probability  that  it  is,  strictly 
speaking,  a  granite  having  a  parallel  distribution  of  the  scales  of  mica. 
It  passes  into  the  ordinary  granite,  with  no  distinct  boundary  between 
the  two.    The  mica-slate  overlying  the  gneiss  is  of  insignificant  thick- 
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ness,  as  shown  by  the  fact  that  mining  shafts  and  streams  frequently 
cut  through  it  to  the  gneiss.  The  dip  of  the  slate  is  almost  always  con 
stant  to  the  southeast.  It  is  the  predominant  position  in  the  country 
for  the  metalliferous  veins.  The  itacolumite  is  described  in  detail. 
The  conglomerate- like  itacolumites,  mentioned  by  Tuomey,  are  regarded 
as  real  conglomerates,  with  a  micaceous  and  arenaceous  cement.  The 
pebbles  are  obscured  and  elongated,  the  longest  diameters  being  par- 
allel to  the  bedding,  and  they  also  partake  of  the  schistose  structure  of 
the  matrix  in  which  they  are  contained.  Every  stage  in  the  passage 
from  the  fine  grained  rock  to  the  conglomerate  with  pebbles  is  seen, 
and  there  is  no  question  that  the  itacolumite  is  a  sandstone.  The 
eruptive  rocks  include  granites,  eurite,  and  trappean  rocks,  among 
which  are  schistose  aphanite,  aphanitic  porphyry,  minette,  diorite, 
diorite-slate,  and  saponite.  That  the  schistose  rocks  here  included  are 
really  eruptive  is  shown  by  the  manner  in  which  they  intrude  the 
granitic  rocks. 

Lieber,204  in  1859,  gives  a  general  account  of  the  rocks  of  South 
Carolina.  The  peculiar  structure  of  the  schistose  aphanites  is  regarded 
as  due  to  weathering.  In  the  Greenville  and  Pickens  districts  the  suc- 
cession includes  gneisses,  limestones,  and  mica-schists,  the  ruling  dips 
being  southeasterly.  Tourney's  representation  of  these  rocks  as  60  to 
70  miles  thick  is  believed  on  theoretical  grounds  to  be  incorrect.  The 
ruling  southeasterly  dip  of  the  slates  are  probably  due  to  faults  which 
have  repeated  the  stratified  rocks  many  times.  It  is  concluded  that  the 
isolated  bodies  of  stratified  rocks  overlying  the  gneiss  are  actually 
islands  occupying,  with  much  regularity,  the  apical  lines  of  certain  par- 
allel ridges.  It  can  not  be  asserted  that  any  of  the  mica-slate  beds  ex- 
ceed 100  feet  in  thickness  and  the  horizontal  slates  25.  The  talcose 
slate  below  the  itacolumite  is  frequently  highly  graphitic.  Above  the 
talcose  slate  is  limestone,  and  above  this  the  itacolumite,  the  outlines 
of  the  latter  being  extremely  tortuous.  The  dike  rocks  are  aphanite, 
porphyritic  hornblende  rock,  eurite,  and  garnet.  A  detailed  account 
of  itacolumite  is  given. 

Libber,205  in  1859,  definitely  states  that  itacolumite  is  regarded  as 
occupying  a  constant  position,  and  is  taken  as  a  starting  point  upon 
which  to  determine  the  chronology  of  the  Azoic  rocks  of  the  southern 
Alleghanies. 

LITERATURE   OF   GEORGIA. 

Peck,206  in  1833,  divides  the  mountain-region  rocks  into  Primitive 
and  Transition,  the  first  being  on  the  west,  and  the  boundary  between 
the  two  being  the  Smoky  mountains. 

(Dotting-,  20t  in  1830,  divides  the  primary  formation  into  granite, 
syenite,  porphyritic  granite,  gneiss,  mica-slate,  talcose  slate,  granular 
limestone  or  marble,  serpentine,  greenstone,  epidotic  gneiss,  quartz 
rock,  hornblende,  and  clay-slates.     The  granite  passes  by  imperceptible 
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gradations  into  the  gneiss,  beds  of  the  two  sometimes  alternating,  and 
thelatter  also  passing  into  the  stratified  mica-slates.  Gneiss  also  passes 
into  the  stratified  mica-slate,  and  the  mica-slate  into  talcose  slate.  The 
graywacke  is  the  beginning  of  the  transition. 

Little,208  in  1875,  mentions  crystalline  rock,  presumably  primary, 
at  various  points. 

Campbell  (J.  L.)  and  Ruffner,  209  in  1883,  divide  the  Archean  upon 
chemical,  lithological,  and  structural  grounds  into  Laurentian  and 
Huronian.  In  the  metamorphosed  rocks  the  prevailing  dips  are  toward 
the  southeast.  It  is  believed  that  while  they  were  somewhat  plastic 
they  were  folded  and  overturned,  although  sometimes  left  in  a  vertical 
position,  and  not  infrequently  found  in  a  nearly  horizontal  position,  or 
s< unetimes  resting  in  arches  and  depressions.  In  the  Choccolocco  valley 
the  railroad  passes  abruptly  to  the  Lower  Silurian  rocks.  This  rela- 
tion between  the  Silurian  and  Archean  is  attributed  to  a  fault,  with  a 
downthrow  of  the  former. 

LITERATURE  OF  ALABAMA. 

Tijomey,210  in  1850,  places  the  granites,  gneisses,  and  associated 
crystalline  rocks  as  primary  and  metamorphic.  The  slates  sometimes 
carry  plumbago,  and  true  granite  is  found  only  at  Talladega. 

Tuomet,211  in  1858,  finds  in  various  sections  granite,  syenitic  gneiss, 
ordinary  gneiss,  hornblende- slate,  mica-slate,  talcose  slate,  and  soap- 
stone.  In  certain  localities  are  found  limestones,  and  also  occasionally 
3 nter stratified  quartz-rocks  occur.  Granite  is  found  about  Rockford 
in  large  masses. 

Smith,212  in  1875,  states  that  the  counties  of  Chilton,  Talladega,  Cal- 
houn, Cleburne,  Lee,  Tallapoosa,  and  Elmore  lie  partly,  and  Coosa, 
Clay,  Randolph,  and  Chambers  wholly,  within  the  Archean  region  of 
the  state.  On  account  of  the  absence  of  fossils,  it  is  difficult  to  deter- 
mine the  relative  ages  of  the  subdivisions  of  the  crystalline  rocks. 
Lithologically  they  are  classified  into  Laurentian,  Huronian,  and  White 
mountain  series,  following  Hunt's  characterization  of  these  terms.  The 
rocks  here  included  are  granite,  gneiss,  mica-schist,  mica-slate,  hydro- 
mica-slate,  clay-slate  or  argillite,  syenite,  syenitic  gneiss,  hornblen de- 
schist,  diorite,norite,  talcose  slate,  soapstone  or  steatite,  eblorite-schist, 
quartzite,  siliceous  slate,  itacolumite,  itabarite,  jasper,  crystalline  lime- 
stone, dolomite,  and  igneous  rocks.  Crystalline  limestone  occurs  in 
Chilton  county.  It  is  succeeded  in  apparent  conformity  by  semicrys- 
tallines  15,000  to  20,000  feet  in  thickness. 

Schmitz,213  in  1884,  describes  a  metamorphic  region  in  Alabama  as 
covering  the  whole  or  parts  of  counties  Chilton,  Coosa,  Talladega,  Cal- 
houn, Cleburne,  Lee,  Tallapoosa,  Elmore,  Clay,  Randolph,  and  Cham- 
bers, with  about  5,000  square  miles  of  area.  The  rocks  of  this  region 
are  partly  metamorphosed  Lower  Silurian  rocks  (Calciferous,  Potsdam, 
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and  Acadian),  partly   Upper   Azoic  rocks  (Huronian),  and  perhaps 
partly  Lower  Azoic  rocks  ( Laurent i an). 

Going  at  a  right  angle  with  the  strike,  from  northwest  to  southeast, 
is  found  the  following  zones,  which,  however,  cannot  be  sharply  sepa- 
rated. (1)  Siluricm. — Crystalline  limestones,  conglomerates,  heavy 
quartzites,  and  slates  (often  gold-bearing),  semi-metamorphosed.  (2) 
Huronian. — Mica-slates  and  schists  (with  garnets),  limestones,  coarse 
grained  granites,  diorites,  quartzites,  and  clay-slates  (sometimes  gold- 
bearing);  the  mica- schists  often  alternating  with  gneisses;  associated 
with  graphite  and  graphitic  slates,  itacolumite,  specular  ore,  brown 
hematite,  etc.  (3)  Huronian  or  Upper  Laurentian. — Gneisses  (micaceous 
and  hornblendic),  granite,  diorite,  mica-schists,  quartzites,  slates  (some- 
times gold-bearing),  associated  with  chloritic  schists  and  steatites,  mica 
with  tourmaline  crystals,  etc.  Some  of  the  granites  have  the  charac- 
teristics of  eruptive  rocks. 

GENERAL  LITERATURE. 

Britton,214  in  1886,  describes  at  Natural  bridge  the  contact  between 
sandstones  which  appear  to  be  under  the  Potsdam  and  over  the  Archean. 
The  two  are  widely  unconformable;  the  sandstone  dips  45°  to  the 
northwest  and  strikes  N.  40°  E.,  while  the  Archean  dips  05°  E.  and 
strikes  N.  5°  E.  The  Archean  rocks  consist  of  quartz-bearing  syenite 
and  granulite,  fragments  of  whieh  are  found  in  the  overlying  series. 

On  the  Doe  river,  in  eastern  Tennessee,  the  Archean  and  basal  Si- 
lurian quartzite  are  in  contact.  The  Archean  is  a  pegmatite,  with  no 
bedding  or  lamination.  Five  hundred  feet  east  of  the  contact  it  is  a 
much  contorted  hornblendic  gneiss  and  syenite.  These  rocks  are  in- 
tersected by  a  trap  dike.  The  quartzite  is  thickly  bedded  and  con- 
tains many  pebbles  of  quartz  and  much  feldspar,  so  as  to  make  the 
roek  in  places  an  arkose. 

On  the  French  Broad  river  are  found  quartzites  like  those  of  the  Do- 
river,  which  are  succeeded  by  basal  crystalline  rocks,  and  near  Mare 
shall  station  begins  a  stratified  micaceous  schistose  series.  The  char- 
acter of  the  transition  between  this  and  the  basal  Archean  rocks  was 
not  apparent.  About  Asheville  are  well  bedded  gneisses  and  mica 
sell  ists  which  bear  the  same  relation  to  the  heavily  bedded  basal  Archean 
as  do  the  Westchester  county,  New  York,  and  Philadelphia  gneisses 
to  the  basal  rocks  to  the  westward.  These  rocks  extend  to  the  top  of 
mount  Mitchell. 

SUMMARY   OF   RESULTS. 

The  state  of  knowledge  of  the  crystalline  rocks  of  the  southern  Ap- 
palachians is  in  a  still  less  advanced  condition  than  that  of  the  middle 
and  northern  Appalachians. 

It  is  reasonably  certain  that  from  northern  Virginia  to  Alabama 
there  are  large  areas  which  are  pre-Oambrian,  including  much  of  tbe 
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granite  and  granitoid  gneiss  region.  Not  only  tins,  but,  if  lithologieal 
characters  are  sufficient  evidence,  parts  areArchean;  that  is,  belong 
with  the  fundamental  rocks  of  Canada  and  the  West;  for  areas  are 
found  which  consist  of  an  intricate  complex  of  foliated  and  contorted 
granite  and  gneiss  cut  by  or  containing  masses  of  basic  eruptives  of 
various  kinds.  In  their  intensely  implicated  structure  and  lack  ot 
thoroughly  massive  characters  they  give  evidence  of  vast  antiquity. 

How  far  the  rocks  which  have  been  denominated  Huronian  belong 
with  the  pre-Cambrian  there  is  no  means  even  of  guessing.  It  is  very 
certain  that  large  parts  of  the  rocks  called  Taconic  and  Huronian  are 
Cambrian,  Silurian,  or  later.  When  the  Cambrian  and  Silurian  have 
been  definitely  outlined,  whether  any  of  the  unmistakable  elastics  will 
remain  to  be  correlated  with  the  Huronian,  or,  more  accurately,  to  be 
placed  in  the  Algonkian,  is  uncertain. 

The  disturbances  in  the  southern  Appalachians  are  of  a  different  type, 
and,  upon  the  whole,  have  been  less  intense  than  in  the  central  and 
northern  regions,  as  a  consequence  of  which  it  will  be  easier  to  reach 
definite  results  here  than  it  has  been  farther  north. 

The  only  really  systematic  work  which  has  been  done  is  that  in  Vir- 
ginia by  Rogers ;  that  of  Emmons  in  North  Carolina;  that  of  Safford 
in  Tennessee,  Avhose  work  barely  reaches  the  pre-Cambrian  rocks;  and 
that  of  Lieber.  The  last  in  his  earlier  reports  carefully  refrained  from 
generalizations  based  upon  insufficient  evidence,  but  patiently  mapped 
the  rocks  lithologically  in  several  counties,  and  thus  gives  serviceable 
information  unmingled  with  theories  of  no  value. 

In  the  south,  as  in  New  England,  occur  formations  which  by  con- 
tained belts  of  conglomerates  are  definitely  proved  to  be  of  clastic 
origin,  and  these  gradually  pass  into  unmistakable  crystalline  schists. 
These  transitions  were  clearly  described  and  their  meaning  definitely 
pointed  out  by  Emmons  and  Lieber  respectively  in  1856  and  1858. 

More  remarkable  than  this  is  the  discovery  of  Emmons  and  Lieber 
that  hornblende-schists  and  other  schists  are  metamorphosed  erup- 
tives. These  rocks  are  said  sometimes  to  be  as  thinly  laminated  as 
paper,  and  are  compared  with  slates;  but  their  occurrence  in  dikes 
within  the  granites,  and  their  gradations  into  the  ordinary  massive 
forms,  demonstrate  them  to  be  later  igneous  rocks.  These'  conclusions 
were  not  based  upon  petrographical  work,  but  upon  careful  field  study. 
The  microscope  in  recent  years  has  shown  accurately  the  method  of 
change;  but  that  the  change  does  occur  from  a  massive  eruptive  rock 
to  a  thoroughly  schistose  one  was  proved  beyond  doubt  by  these  men 
before  1860. 

Emmons  and  Lieber  further  appreciated  that  the  granite-gneisses  in 
their  lithologieal  affinities  as  well  as  by  actual  transitions  belong  with 
igneous  granitic  rocks  rather  than  with  the  sedimentaries.  Emmons 
also  reached  the  same  conclusion  for  the  South  which  Emerson  demon- 
strated many  years  later  for  the  New  England  states,  that  there  are 
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two  granites,  one  of.  .which  is. more  ancient  than  the  elastics  and  the 
other  intriisives  within  these.  According  to  Emmons  the  ancient  form 
is  predominant,  but  occasionally  granite  has  been  projected  through 
fissures  like  other  intrusive  rocks. 

The  great  discovery  that  regularly  laminated  rocks  are  produced  by 
the  metamorphism  of  eruptive  rocks  as  well  as  from  sedimentary  rocks 
naturally  carried  the  discoverer  too  far  in  the  application  of  the  princi- 
ple. Emmons  included  in  the  metamorphic  igneous  rocks  many  mica- 
schists,  talcose  slates,  and  limestones  for  which  he  gave  no  evidence 
whatever.  Lieber's  discrimination  between  the  metamorphic-igneous 
and  metamorphic-sedimentary  rocks  was  much  more  satisfactory.  But 
Emmons's  general  statements  as  to  the  small  value  of  lamination  alone 
in  rocks  as  an  evidence  of  origin  and  the  method  of  stratigraphical 
work  in  the  crystalline  rocks  can  hardly  be  improved  upon  at  the  pres- 
ent day.  Says  this  writer:  Rocks  of  igneous  origin  are  often  massive, 
but  also  are  frequently  laminated,  and  laminated  rocks  are  frequently 
called  stratified,  but  this  latter  term  should  be  restricted  to  the  sedi- 
mentary rocks.  The  metamorphic  rocks  are  excluded  from  the  sedi- 
mentary classification  because  all  rocks  may  become  metamorphic,  and 
a  stratum  metamorphic  in  one  locality  may  not  be  metamorphic  in 
another.  The  highest  proof  of  the  age  of  rocks  is  the  order  of  super- 
position. When  this  method  can  be  applied  it  is  paramount,  but  pale- 
ontology may  be  used  subject  to  proper  principles. 

The  Primitive  rocks  from  Emmons's  point  of  view  are  all  igneous; 
with  aqueous  rocks  begins  the  Azoic,  the  oldest  sedimentaries,  and 
above  the  Azoic  are  rocks  which  in  the  past  have  been  regarded  as  Azoic, 
but  are  found  to  be  fossiliferous ;  that  is,  they  constitute  the  Taconic  sys- 
tem. We  have  here  a  definite  theory  as  to  the  order  of  development  of 
the  earth,  the  primitive  rocks  being  wholly  pyrocrystalline,  the  Azoic 
stratified  rocks  being  earlier  than  the  dawn  of  life,  and  the  Taconic 
rocks  being  the  fossiliferous  rocks  earlier  than  the  Potsdam. 
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CHAPTER   VIII, 

GENERAL  SUCCESSIONS  AND  DISCUSSIONS  OF  PRINCIPLES. 
SECTION  I.      LITERATURE. 

Maclure,1  in  1809,  places  in  the  primitive  rocks  granite,  gneiss, 
mica-slate,  clay-slate,  primitive  limestone,  primitive  trap,  serpentine, 
porphyry,  syenite,  topaz  rock,  qnartz  rock,  primitive  flinty  slate,  prim- 
itive gypsum,  white  stone;  and  in  the  Transition,  transition  limestone, 
transition  trap,  graywacke,  transition  flinty-slate,  transition  gypsum. 
The  rocks  of  the  Primitive  prevail  to  the  east  of  the  Hudson  river. 
Throughout  the  greater  part  of  the  eastern  and  northern  states  the 
sea  washes  the  primitive  rock,  but  to  the  south  west  ward  the  Primitive 
runs  in  a  broad  belt  as  far  as  Alabama,  and  between  it  and  the  ocean 
is  a  wide  belt  of  alluvial  rocks.  The  Transition  rocks  occur  in  one  main 
belt,  running  in  a  northeast  and  southwest  direction  from  New  York 
to  Alabama,  and  in  several  minor  belts. 

Eaton,2  in  1832,  places  as  Primitive  rocks  granite,  mica-slate,  horn- 
blende rock,  talcose  rock,  granular  quartz,  granular  lime  rock.  These 
primitive  rocks  are  all  contemporaneous,  excepting  the  granular  quartz 
and  lime  rocks,  since  they  alternate  continually.  These  rocks  are  des- 
titute of  organized  remains.  Numerous  localities  are  given  for  each 
class. 

Emmons,  (E.),3  in  1855,  divides  rocks  into  Pyrocrystalline,  Pyroplas- 
tic,  and  Hydroplastic. 

The  Pyrocrystalline  comprises  massive  rocks,  including  granite,  syen- 
ite, hypersthene,  pyrocrystalline  limestone,  serpentine,  rensselaerite, 
octahedral  iron  ore,  and  laminated  rocks,  including  gneiss,  mica-slate, 
hornblende,  talcose-slate,  etc.,  laminated  limestone,  laminated  serpen- 
tine. The  Pyroplastic  rocks  comprise  Subaerial,  including  lavas,  tufa, 
or  volcanic  products,  and  Submarine,  including  greenstone,  porphyry, 
basalt,  trap.  The  Hydroplastic  rocks  comprise  Paleozoic,  Mesozoic, 
and  Cenozoic.  The  Paleozoic  is  divided  from  the  base  upward  into 
Taconic,  Silurian,  Devonian,  Carboniferous,  and  Permian.  Metamor- 
phic  or  Azoic  rocks  are  not  recognized  as  classes,  as  they  may  occur  in 
all  series  from  the  earliest  to  the  latest  sediments.  That  gneiss,  mica- 
slate,  hornblende,  and  talcose  slate,  etc.,  are  metamorphic  altered  sedi- 
ments there  is  no  evidence.  Azoic  is  objectionable  because  it  presup- 
poses that  our  observations  have  made  certain  that  which  must  ever 
remain  doubtful. 

The  Pyrocrystalline  rocks  are  due  to  the  consolidation  of  the  earth's 
440 
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crust.  These  rocks  increase  in  thickness  by  additions  below.  On  the 
contractions  of  these  rocks  fissures  are  formed,  through  which  flow 
fluid  material  which  are  hydroplastic  and  later.  The  age  of  rocks  may 
be  deduced  from  the  perfection  of  their  crystalline  state.  The  pre 
eminently  crystalline  granites  are  the  product  arising  from  the  first 
cooling  of  the  first  crust.  Granite  may  or  may  not  be  connected  with 
the  oldest  masses  of  the  globe.  The  granites  of  the  United  States  are 
of  two  classes;  one  more  ancient  than  the  Taconic  rocks,  and  others, 
which  are  later  eruptions,  certainly  as  new  as  the  Carboniferous.  In 
New  England  the  ancient  granites  are  widespread,  but  there  are  also 
found  granitic  areas  which  have  been  erupted  from  fissures  and  which 
have  overflowed  wide  areas  and  whose  structure  is  more  or  less  sheeted. 
It  is  impossible  to  draw  lines  of  distinction  between  the  two  kinds  of 
granite,  except  when  the  earlier  granite  is  traversed  by  the  later.  The 
lamination  of  the  laminated  Pyrocrystalline  rocks  is  probably  due  to 
crystallization.  Gneiss,  mica- slate,  hornblende,  and  talcose  slate  are 
so  blended  that  it  is  difficult  or  impossible  to  define  their  boundaries, 
and  they  are  all  regarded  as  contemporaneous  formations. 

The  oldest  Hydroplastic  rocks  constitute  the  Taconic  sy stein,  which 
has  a  clear  and  well  defined  base,  rarely  obscured  by  passages  into  the 
primary  schists  or  the  Pyroplastic  syenites  or  granites.  This  system  is 
limited  above  by  the  Silurian  system,  at  the  base  of  which  is  the  Pots- 
dam sandstone.  The  thickness  of  this  system  is  from  25,000  to  30,000 
feet.  Sediments  of  all  systems  must  necessarily  consist  of  the  same 
materials.  Sandstones,  limestones,  slates,  conglomerates,  and  breccias 
must  make  up  the  matter  which  composes  them;  but  a  comparison  of 
the  lower  members  of  the  Taconic  and  the  Silurian  show  a  decided 
difference  in  mineral  constitution.  The  first  partakes  of  the  primary 
character  of  the  granite,  gneiss,  mica,  and  talcose  slates  of  the  Pyro- 
crystalline rocks,  from  the  last  two  of  which  it  is  often  difficult  to  dis- 
tinguish them,  while  the  materials  of  the  Silurian  are  derived  from  the 
Taconic  rocks.  The  Taconic  system,  from  the  base  upward,  comprises 
(1)  conglomerates  and  breccias;  (2)  limestones;  (3)  slate  of  enormous 
thickness;  (4)  dark -colored  Taconic  slates;  (5)  sparry  limestones.  The 
absence  of  fossils  in  the  Taconic  rocks  is  thought  to  be  due  to  the  prob- 
able absence  of  animals  and  plants  at  the  time  the  Berkshire  limestone 
and  earlier  Taconic  rocks  were  deposited.  In  the  Upper  Taconic  rocks 
are  found  remains  of  both  plants  and  animals.  The  rocks  of  the 
Taconic  system  form  a  belt  on  both  sides  of  the  Blue  ridge.  On  the  west 
it  is  continuous  from  Canada  East  to  Georgia.  On  the  east  it  is  wider 
in  certain  pi  aces  than  on  the  west  side,  but  its  continuity  i  s  broken.  Th  e 
Taconic  system  rests  then  on  the  following  points:  The  formations  of 
the  series  are  physically  unlike  the  Lower  Silurian;  it  supports  the 
Lower  Silurian  unconformably  at  numerous  places;  it  is  a  system  in 
which  life  existed,  and  the  remains  of  organisms  are  left  which  are 
unlike  those  of  the  Lower  Silurian;  it  carries  back  many  stages  farther 
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the  time  when  life  appeared,  and  represents  a  period  vastly  longer  than 
the  Silurian,  although  it  may  occupy  a  less  superficial  area. 

Logan  and  Hunt,4  in  1855,  gave  a  geological  sketch  of  Canada.  The 
ancient  rocks  are  divided  into  the  Laurentian  system  and  the  Cam- 
brian and  Huronian  system. 

The  rocks  of  the  Laurentian  system  are  almost  without  exception 
old  sedimentary  beds  that  have  become  highly  crystalline;  they  have 
been  greatly  disturbed,  and  form  mountain  ranges  running  about  north- 
east and  southwest,  and  sometimes  rising  to  heights  of  800  or  1,000 
meters,  and  even  beyond.  The  rocks  of  this  formation  are  the  oldest 
known  on  the  American  continent,  and  probably  correspond  to  the 
oldest  gneisses  of  Finland  and  Scandinavia,  and  to  similar  rocks  in 
the  north  of  Scotland.  The  rocks  of  the  Laurentain  formation  are  in 
large  part  crystalline  schists,  mostly  gneissoid  or  hornblendic.  Asso- 
ciated with  these  schists  are  seen  heavy  stratified  masses  of  a  crystal- 
line rock,  which  is  almost  entirely  composed  of  feldspar  with  a  base  of 
lime  and  soda.  With  these  schists  and  these  feldspars  are  found  strata 
of  quartzite,  associated  with  crystalline  limestones  which  have  a  rather 
important  place  in  this  formation.  The  limestones  form  beds  from  1 
meter  to  more  than  100  meters  thick,  and  often  present  a  succession  of 
thin  beds,  intercalated  in  beds  of  gneiss  or  quartzite.  The  quartzites 
sometimes  present  themselves  under  the  form  of  conglomerates,  and  in 
certain  cases  have  a  paste  of  dolomite.  Beds  of  dolomite  or  of  more 
or  less  magnesian  limestone  are  often  intercalated  with  pure  limestones. 
These  schists,  feldspars,  quartzites,  and  limestones,  such  as  we  have 
described  them,  constitute  the  stratified  part  of  the  Laurentian  system ; 
but  there  are,  furthermore,  intrusive  granites,  syenites,  and  diorites 
which  form  quite  important  masses;  the  granites  are  sometimes  albitic 
and  often  contain  tourmaline,  mica  in  large  flakes,  sphene,  and  sulphate 
of  molybdenum.  Associated  with  the  limestones  are  important  beds  of 
hematite  and  limonite.  Graphite  is  very  frequently  disseminated  in 
little  flakes  in  the  crystalline  limestones,  and  forms  also  veins  having 
sometimes  a  considerable  thickness.  Two  of  these  are  found  near  Gren- 
ville,  on  the  Ottawa.  The  graphite  exists  in  three  detached  bands, 
each  having  a  thickness  of  about  12  centimeters. 

In  the  Cambrian  and  Huronian  system  are  found  the  rocks  on  the 
north  shores  of  lakes  Huron  and  Superior  where  are  present  a  series  of 
schists,  sandstones,  limestones,  and  conglomerates,  interspersed  with 
heavy  layers  of  diorite,  and  resting  un  conform  ably  on  the  Laurentian 
system.  As  these  rocks  are  lower  than  the  Silurian  terrane,  and  as 
they  have  thus  far  not  yielded  a  single  fossil,  they  may  well  be  referred 
to  the  Cambrian  system  (the  Lower  Cambrian  of  Sedgwick).  The 
schists  of  this  system,  on  lake  Superior,  are  bluish,  and  inclose  layers 
of  horn  flint,  having  calcareous  bands,  and  whose  cracks  are  often  filled 
with  anthracite.  These  rocks  are  covered  with  a  considerable  thickness 
of  trap,  on  which  are  superposed  heavy  beds  of  white  and  red  sand- 
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stone,  which  sometimes  pass  into  a  state  of  conglomerate,  inclosing 
globes  of  quartz  and  jasper.  Beds  of  a  reddish  argillaceous  limestone 
are  found  interspersed  with  these  sandstones,  which  are  cut  through 
and  covered  by  a  second  formation  of  diorite  of  great  thickness,  offering 
a  columnar  structure.  This  formation,  which  has  a  total  thickness  of 
nearly  4,000  meters,  is  traversed  by  a  great  number  of  trap  dikes.  In 
the  corresponding  formation  of  the  north  shore  of  lake  Huron  are  found 
sandstones  having  a  more  vitreous  aspect,  and  conglomerates  more 
abundant  than  on  lake  Superior,  associated,  however,  with  schists  and 
schistose  conglomerates,  resembling  those  which  we  have  just  described, 
the  whole  presenting  great  masses  intercalated  with  diorite.  A  layer 
of  limestone  having  a  thickness  of  1G  meters  forms  part  of  this  series. 
After  the  eruption  of  the  interstratified  diorites  have  appeared  two 
systems  of  dikes  of  diorite,  and  a  third  of  granite,  of  an  epoch  inter- 
mediate between  the  two  latter.  The  formation  of  the  metalliferous 
veins  belongs  to  an  epoch  still  more  recent. 

This  Huronian  formation  is  observed  over  a  distance  of  nearly  150 
leagues  on  lakes  Huron  and  Superior. 

Dana,5  in  1863,  gives  an  account  of  the  Azoic  age.  This  age  is  de- 
fined as  the  age  in  the  earth's  history  preceding  the  appearance  of 
animal  life.  Among  the  Azoic  rocks  are  included  all  the  rocks  that 
are  older  than  the  Potsdam  sandstone  of  New  York,  between  which 
and  the  Azoic  general  unconformable  relations  obtain.  The  Azoic 
rocks  constitute  the  only  universal  formation.  They  cover  the  whole 
globe,  and  were  the  floor  of  the  oceans  and  the  rocks  of  all  emerged 
land  when  animal  life  was  first  created.  But  subsequent  operations 
over  the  sphere  have  buried  the  larger  part  of  the  ancient  surface,  and 
to  a  great  extent  worn  away  and  worked  up  anew  its  material,  so  that 
the  area  of  tke  old  floor  now  exposed  to  view  is  small.  The  Azoic 
regions  include  Canada  north  of  the  St.  Lawrence,  reaching  northeast 
from  lakes  Huron  and  Superior  to  Labrador,  and  continuing  northwest 
to  the  Arctic  ocean,  the  Adirondacks  of  northern  New  York,  a  similar 
area  south  of  lake  Superior,  west  of  the  Mississippi  a  small  area  in 
Missouri,  the  Black  hills  in  Dakota,  the  Laramie  range  in  Nebraska, 
part  of  the  Ozark  mountains  in  Arkansas ;  and  in  northern  New  Jersey 
Azoic  gneiss7  limestone,  and  other  crystalline  rocks  containing  beds  of 
iron  ore.  The  rocks  of  the  Azoic  are  mostly  of  the  metamorphic  series, 
related  to  granite,  gneiss,  syenite,  and  the  like,  but  they  embrace  only 
the  most  ancient  of  these  rocks.  The  Azoic  rocks  are  nearly  all  crys- 
talline, a  few  sandstones,  slates,  and  conglomerates  being  the  only 
exceptions.  They  are  remarkable  for  the  small  amount  of  silica  they 
contain,  as  shown  in  the  diorites  and  labradorite  rocks.  Prevalence  of 
iron  ore  is  another  characteristic,  and  none  of  the  minerals  are  simple 
silicates  of  aluminum.  While  the  Azoic  rocks  are  crystalline  they 
follow  one  another  in  variations  and  alternations  like  sedimentary  beds 
of  later  date.    Granite  or  gneiss  may  lie  between  layers  of  slate  or 
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schist,  and  quartz-rock  may  have  any  place  in  the  series.  The  Azoic 
rocks  are  the  results  of  alteration  of  sedimentary  strata,  as  is  shown 
by  the  fact  that  schists  graduate  into  true  slates,  and  quartzites  into 
sandstones,  and  conglomerates  and  gneiss  into  gneissoid  granite,  and 
thence  to  true  granite  and  syenite.  As  evidence  of  life  in  the  Azoic 
age  are  cited  the  formations  of  limestone  strata,  the  occurrence  of 
graphite  in  the  limestone,  the  occurrence  of  anthracite  in  small  pieces 
in  the  iron-bearing  rocks  of  Arendal,  Norway.  Crystalline  rocks  have 
been  formed  in  various  ages,  those  in  New  England,  for  instance,  long- 
after  the  Azoic;  hence  it  is  possible  that  some  of  the  Azoic  rocks  lia  vo 
undergone  a  second  or  third  alteration  subsequent  to  the  original  one 
in  the  Azoic  age. 

Logan,6  in  1864,  gives  a  general  account  of  the  ancient  rocks  of  Can- 
ada. He  states  that  the  rocks  composing  the  Laurentide  mountains  in 
Canada  and  the  Adirondacks  in  the  State  of  New  York  are  the  oldest 
in  North  America.  They  have  been  shown  to  be  a  great  series  of  strata 
which,  though  profoundly  altered,  consist  chiefly  of  quartzose,  alumin- 
ous and  argillaceous  rocks,  like  the  sedimentary  deposits  of  less  ancient 
times.  This  great  mass  of  crystalline  rocks  is  divided  into  two  groups 
and  it  appears  that  the  Upper  (Labradorian)  rests  unconformably  upon 
the  Lower  (Laurentian)  series.  The  united  thickness  of  these  two 
groups  in  Canada  can  not  be  less  than  30,000  feet,  and  probably  much 
exceeds  it.  A  third  Canadian  group,  the  Huronian,  has  been  shown  by 
Murray  to  be  about  18,000  feet  thick,  and  to  consist  chiefly  of  quartz- 
ites, slate  conglomerates,  diorites,  and  limestones.  The  horizontal 
strata,  which  form  the  base  of  the  Lower  Silurian  in  western  Canada, 
rest  upon  the  upturned  edges  of  the  Huronian  series,  which,  in  its  turn, 
unconformably  overlies  the  Lower  Laurentian.  The  Huronian  is  be- 
lieved to  be  more  recent  than  the  Upper  Laurentian  series,  although 
the  two  formations  have  never  yet  been  seen  in  contact. 

The  united  thickness  of  these  three  great  series  may  possibly  far 
surpass  that  of  all  the  succeeding  rocks,  from  the  base  of  the  Paleozoic 
series  to  the  present  time.  We  are  thus  carried  back  to  a  period  so 
remote  that  the  appearance  of  the  so-called  Primordial  fauna  maybe  con- 
sidered a  comparatively  modern  event.  We,  however,  find  that,  even 
during  the  Laurentian  period,  the  same  chemical  and  mechanical  proc- 
esses which  have  ever  since  been  at  work  disintegrating  and  recon- 
structing the  earth's  crust  were  in  operation  as  now.  In  the  con- 
glomerates of  the  Huronian  series  there  are  inclosed  bowlders  derived 
from  the  Laurentian,  which  seem  to  show  that  the  parent  rock  was 
altered  to  its  present  crystalline  condition  before  the  deposition  of  the 
newer  formation,  while  inter  stratified  with  the  Laurentian  limestones 
there  are  beds  of  conglomerate,  the  pebbles  of  which  are  themselves 
rolled  fragments  of  still  older  laminated  sand-rock,  and  the  formation 
of  these  beds  leads  us  still  further  into  the  past. 

In  both  the  Upper  and  Lower  Laurentian  series  there  are  several 
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zones  of  limestone,  each  of  sufficient  volume  to  constitute  an  inde- 
pendent formation.  Of  these  calcareous  masses  it  has  been  ascer- 
tained that  three,  at  least,  belong  to  the  Lower  Laurentian.  But  as 
we  do  not  as  yet  know  with  certainty  either  the  base  or  the  summit  of  this 
series,  these  three  may  be  conform  ably  followed  by  man  y  more.  Althou  g  1 1 
the  Lower  and  Upper  Laurentian  rocks  spread  over  more  than  200,000 
square  miles  in  Canada,  only  about  1,500  square  miles  have  yet  been 
fully  and  connectedly  examined  in  any  one  district,  and  it  is  still 
impossible  to  say  whether  the  numerous  exposures  of  Laurentian 
limestone  met  with  in  other  parts  of  the  province  are  equivalent  to 
any  of  the  three  zones,  or  whether  they  overlie  or  underlie  them  all. 
As  evidence  of  life  in  the  Laurentian  limestone,  are  graphite,  great 
beds  of  iron  ore,  and  the  presence  of  recognizable  organic  forms  resem- 
bling Strom  atopora. 

Hunt,7  in  1867,  again  characterizes  the  Laurentian  and  Huronian 
rucks. 

Under  the  name  of  Laurentian  terrain,  the  Geologic  Commission  of 
Canada  at  first  comprehended  two  distinct  series  of  rocks,  one  resting 
unconformably  on  the  other,  which  it  afterward  distinguished  as  Lower 
Laurentian  and  Upper  Laurentian  or  Labradorian.  The  first  of  these 
two  series  corresponds  to  the  primitive  gneiss  (Urgneiss)  of  Scandinavia 
and  of  the  west  coast  of  Scotland.  After  carefully  studying  this  ancien  t 
gneissic  system  of  North  America,  the  Geologic  Commission  of  Canada 
gave  it  the  name  of  Laurentian  system,  taken  from  the  Laurentide 
mountains.  As  early  as  1855  the  conviction  was  expressed  that  it  is 
identical  with  the  primitive  gneiss  of  European  countries,  an  iden- 
tity which  afterwards  was  established  by  Murchison  for  Scotland. 
More  recently,  Gumbel  and  von  Hochstetter,  after  an  exhaustive 
study  of  the  old  gneiss  of  Bavaria  and  Bohemia,  enunciated  its  iden- 
tity with  the  Laurentian  terrain  of  Canada,  a  conclusion  which  the 
former  of  these  scientists,  moreover,  supported  by  a  comparison  of  the 
organic  remains  of  the  two  regions. 

The  Lower  Laurentian  is  composed  of  crystalline  schists,  a  large  part 
of  which  are  gneiss,  at  times  granitoid,  with  quartzites  often  conglom- 
erates, amphibolic  and  micaceous  schists,  pyroxenic  rocks,  ophiolites 
and  limestones  sometimes  magnesiau.  These  limestones,  ordinarily 
very  crystalline,  are  found  united  in  three  great  distinct  formations, 
each  having  a  mean  volume  of  1,000  to  1,500  feet,  and  separated  by  still 
more  considerable  masses  of  gneiss  and  quartzite.  The  measured  thick- 
ness of  this  series  on  the  Ottawa  exceeds  20,000  feet,  which  is  prob- 
ably far  from  representing  the  total  volume  of  the  system,  which,  in 
Bavaria,  is  supposed  to  attain  not  less  than  90,000  feet.  In  Hastings 
county,  to  the  north  of  lake  Ontario,  there  is  found  resting  conformably 
on  Laurentian  gneiss  a  series  of  at  least  20,000  feet  of  crystalline 
schists,  comprising  a  great  thickness  of  impure  limestones  and  calcare- 
ous schists^  and  terminating  in  a  heavy  mass  of  dioritic  rocks,     it 
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seems  established  that  this  series,  which  differs  sensibly  by  the  suc- 
cession of  the  beds  and  by  its  lithological  characters  from  that  described 
above,  belongs  also  to  the  Lower  Laurentian,  of  which  it  would  form  a 
higher  member;  and  thus  the  known  thickness  of  this  system  in  Canada 
would  rise  to  at  least  40,000  feet. 

The  Upper  Laurentian  or  Labradorian  terrain  is  found  resting, 
in  the  form  of  patches,  unconformably  on  the  Lower  Laurentian, 
both  on  the  Hastings  series  and  on  the  Ottawa  series,  where  it  often 
occupies  a  width  of  several  miles.  It  is  found  at  intervals  from  lake 
Huron  to  the  coasts  of  Labrador,  and  is  everywhere  recognized  by  its 
lithological  characters.  This  Labradorian  terrain  inclosed  gneiss  with 
orthose,  with  quartzites  and  crystalline  limestones,  but  its  predomi- 
nating element  is  an  anorthosite,  or  rock  composed  essentially  of  a 
feldspar  of  the  sixth  system,  with  a  mixture  of  pyroxene,  often  assum- 
ing the  form  of  hyper sthene.  This  anorthosite  is  sometimes  gneissoid, 
and  even  fine  grained;  but  it  assumes  rather  often  a  granitoid  structure, 
with  great  cleavable  forms  in  the  feldspar.  The  latter  is  ordinarily  ancle- 
site  or  labradorite,  of  which  it  sometimes  presents  fine  opalescent 
varieties  resembling  those  brought  from  Labrador.  The  thickness 
attained  by  the  Upper  Laurentian  terrain  is  not  certain,  but  it  prob- 
ably exceeds  10,000  feet.  The  LoAver  Laurentian  presents  nothing  that 
resembles  the  anorthosites  of  the  Upper  Laurentian,  which  form  the 
highest  summits  of  the  Adirondacks,  and  seems  to  be  identical  with  the 
hypersthenites  of  the  Hebrides  of  Scotland,  described  by  MacGulloch. 
The  limestones  of  the  Lower  Laurentian  of  Canada  inclose  organic 
remains,  principally  belonging  to  an  organism  studied  and  described 
by  Dawson,  who  has   given  it  the  name  ofEozoon  canadense. 

The  Lower  Laurentian  terrain  is  affected  by  many  undulations  that 
have  upraised  the  beds,  rendering  them  at  times  almost  vertical.  The 
mean  direction  of  these  foldings  is  about  north  and  south,  but  sec- 
ondary undulations  from  east  to  west  appear  in  the  region  north  of  the 
Ottawa,  the  only  one  where  thus  far  it  has  been  possible  to  study  the 
intimate  structure  of  this  terrain.  The  beds  of  the  Upper  Laurentian 
also  are  upraised  at  high  angles,  but  the  structure  of  this  terrain,  which 
has  evidently  undergone  part  of  the  movements  that  affected  the  lower, 
has  not  yet  been  studied.  The  lower  terrain  is  traversed  in  several 
localities  by  igneous  rocks,  and  there  have  been  ascertained  at  least 
four  epochs  of  effusion,  three  of  which  are  anterior  to  the  Silurian 
period.  These  eruptive  rocks  are  syenites,  quartziferous  porphyries, 
and  dolerites. 

Under  the  name  of  Huronian  terrain  is  designated  a  series  of  rocks, 
more  or  less  altered,  resting  unconformably  on  the  Lower  Lauren- 
tian terrain,  and  probably  also  on  the  Labradorian  terrain.  This 
series  is  composed  of  quartzites,  of  more  or  less  chloritic  or  epidotic 
schists,  sometimes  with  impure  serpentines,  and  with  diorites,  which 
constitute  very  important  masses  in  the  series.    The  quartzites,  as  well 
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as  the  chloritic  schists,  often  inclose  rolled  pebbles,  many  of  which  are 
derived  from  the  Lanrentian  gneiss.  This  Hnronian  terrain  comprises, 
moreover,  a  band  of  about  300  feet  of  granular  limestone,  which  is  im- 
pure and  often  very  siliceous.  The  Hnronian  terrain  on  lake  Huron 
has  a  thickness  of  about  18,000  feet.  It  is  also  found  on  the  Ottawa, 
and  from  there  it  extends  to  the  west  of  the  Mississippi,  though  cov- 
ered in  large  part  by  Paleozoic  terrains.  It  does  not  seem  to  exist  in 
the  eastern  region  of  Canada,  but  recent  observations  made  on  the 
island  of  Newfoundland  and  in  Nova  Scotia  have  demonstrated  there 
the  existence  of  rocks  that  have  been  referred  to  this  old  terrain,  which 
for  the  rest  seems  to  correspond  to  the  primitive  schists  (Urschiefer)  of 
Scandinavia.  No  fossils  have  yet  been  found  in  this  terrain.  Consid- 
erable masses  of  schistose  hematitic  iron  ore  are  inclosed  in  this  Hnro- 
nian terrain  on  the  northeast  shore  of  lake  Superior,  and  in  still 
greater  abundance  at  the  south,  where  the  famous  iron  mines  of  Mar- 
quette are  found.  This  terrain  is  more  or  less  affected  by  undulations 
anterior  to  the  Silurian  epoch. 

Dana,8  in  1872,  states  that  lithological  evidence  for  the  chrono- 
logical arrangement  of  the  crystalline  rocks  of  New  England  means 
nothing  until  tested  by  thorough  strati  graphical  investigation.  This 
evidence  means  something,  or  probably  so,  with  respect  to  Laurentian 
rocks,  but  it  did  not  until  the  age  of  the  rocks,  in  their  relations  to 
others,  was  first  strati  graphically  ascertained.  It  may  turn  out  to  be 
worth  something  as  regards  later  rocks  wrhen  the  facts  have  been  care- 
fully tested  by  stratigraphy.  A  fossil  is  proved,  by  careful  observa- 
tion, to  be  restricted  to  the  rocks  of  a  certain  period  before  it  is  used— 
and  then  cautiously — for  identifying  equivalent  beds.  Has  any  one 
proved  by  careful  observation  that  crystals  of  staurolite,  kyanite,  or 
andalusite,  are  restricted  to  rocks  of  a  certain  geological  period  ? 

Dana,9  in  1876,  gives  an  account  of  Archean  time.  The  Archean 
time  includes  an  Azoic  and  an  Eozoic  era,  though  not  yet  distinguished 
in  the  rock.  The  Azoic  age  is  the  era  in  which  the  physical  conditions 
wTere  incompatible  with  the  existence  of  life.  But  this  era,  so  far  as 
now  known,  is  without  recognizable  records 5  for  no  rocks  have  yet 
been  shown  to  be  earlier  in  date  than  those  which  are  now  supposed  to 
have  been  formed  since  the  first  life  began  to  exist.  The  Archean 
rocks  of  North  America  are  mostly  crystalline  or  metamorphic  rocks, 
and  their  beds  stand  at  all  angles,  owing  to  the  uplifting  and  flexing 
which  they  have  undergone.  Where  the  Silurian  strata  overlie  them, 
the  two  are  unconformable,  the  latter  being  often  spread  out  in  hori- 
zontal beds  over  the  upturned  edges  of  the  Archean  rocks. 

The  areas  of  the  Archean  include  those  which  have  always  remained 
uncovered ;  those  which  have  been  covered  by  later  strata,  but  from 
which  the  superimposed  beds  have  been  removed  by  erosion,  and  those 
like  the  last,  which  in  the  course  of  mountain-making  have  been  pushed 
upward  among  the  displaced  strata.    The  principal  areas  are  the  great 
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northern,  to  which  belong  the  lake  Superior  region  and  properly  the 
Adirondack  area;  the  area  along  the  Appalachian  line,  including  the 
Highlands  of  New  York  and  New  Jersey,  and  the  Blue  ridge  of  Penn- 
sylvania and  Virginia;  the  Atlantic  coast  range,  including  areas  in 
Newfoundland,  Nova  Scotia,  and  eastern  New  England ;  isolated  areas 
of  the  Mississippi  basin,  in  Missouri,  Arkansas,  Texas,  and  the  Black 
hills ;  the  Bocky  mountains  series,  embracing  Wind  river,  Laramie,  and 
other  summit  ranges,  and  the  Pacific  coast  range  of  Mexico. 

The  Archean  era  is  divided  into  two  periods,  the  Laurentian  and  the 
Huronian.  The  estimated  thickness  of  the  former  is  30,000  feet,  and  of 
the  latter  from  10,000  to  20,000  feet.  The  Laurentian  rocks  are  meta- 
morphic  or  crystalline,  with  few  exceptions,  and  include  granite,  gneiss, 
mica-schist,  hornblende,  and  pyroxenic  rocks,  beds  of  crystalline  lime- 
stone, quartzite,  conglomerate,  and  labradorite.  The  Laurentian  beds 
are  altered  sedimentary  rocks  of  the  ordinary  character,  as  the  schists 
grade  into  true  slates,  the  quartzites  into  sandstones,  and  conglomer- 
ates and  gneisses  into  gneissoid  granites.  No  distinct  remains  of  plants 
have  been  observed.  Graphite  is  very  abundant.  Only  the  lowest 
division  of  animal  life,  such  as  the  Bhizopods  and  Protozoans,  occur. 
This  is  shown  by  the  occurrence  of  the  fossil  Eozoon  canadense.  The 
Huronian  includes  the  series  on  the  north  shore  of  lake  Huron  com- 
posed of  slates,  conglomerates,  quartzites,  layers  of  jasper  and  chert, 
with  quartz  and  jasper  conglomerates,  limestones,  beds  of  diorite  which 
graduate  into  syenite  or  epidote,  and  also  other  areas  which  have  been 
placed  as  the  equivalent  of  this  series  on  lithological  grounds. 

King,10  in  1878,  states  that  in  the  Archean  outcrops  of  the  fortieth 
parallel  one  can  not  fail  to  notice  the  widespread  simplicity  of  peno- 
logical forms,  the  prevalence  of  granites,  granitoid  gneisses,  and  dio- 
ritic  metamorphic  rocks,  the  paucity  of  argillites,  quartzites,  limestones, 
and  zirconiferous  and  staurolitic  schists,  the  infrequence  of  large  bodies 
of  magnetic,  specular,  or  spathic  iron,  and  the  complete  absence  of 
corundum,  chrysolite,  serpentine,  steatite,  pyroxene  rocks,  the  true- 
nacreous  schists,  and  other  minor  forms  observed  in  the  Appalachian 
system. 

Without  doubt,  the  most  interesting  laws  which  come  out  of  the 
comparison  of  these  exposures  are,  that,  when  considered  in  depth,  from 
the  uppermost  limits  of  our  so-called  Huronian  to  the  lowest  Lauren- 
tian exposure,  there  is,  first,  a  regular,  steady  increase  of  the  inten- 
sity of  metamorphism,  and,  secondly,  a  pretty  regular  increase  m  the 
thickness  of  individual  members  of  the  series.  The  lowest  Lauren  fcian 
aplitic  granitoid  bodies  of  the  Laramie  hills  are  the  heaviest  beds  and 
the  most  changed  from  their  original  sedimentary  condition.  The 
higher  Huronian  group  of  gneisses,  quartzites,  conglomerates,  dolo- 
mites, and  argillites  are  at  once  the  most  thinly  bedded  and  least  meta- 
morphosed. Individual  beds  remain  as  specialized  as  the  day  they 
were  deposited.    At  the  lower  exposures  of  the  whole  Archean  forma- 
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tion  well  defined  crystals  are  of  great  rarity;  even  microscopic  apatite, 
the  best  presented  species,  is  generally  crushed  and  dislocated ;  micas 
are  distorted,  and  all  feldspars  are  more  or  less  fragmentary.  A 
marked  contrast  is  observable  at  the  upper  extreme.  Here  many 
micas,  hornblendes,  garnets,  and  even  feldspars  are  nearly,  if  not  quite, 
completed  crystals.  The  exceptions  to  this  are  those  places  already 
described,  where  local  compression  has  broken  up  the  original  arrange- 
ment of  the  crystalline  ingredients. 

Nearly  every  considerable  mountain  body  between  the  Wasatch  and 
the  California  line  shows  in  the  lowest  horizons  exposures  of.  one  or 
more  bodies  of  granite.  These  are  classified  into  four  groups  upon 
penological  grounds.  The  first  type  consists  of  quartz,  orthoclase,  an 
unimportant  amount  of  plagioclase,  and  muscovite,  with  a  small  quan- 
tity of  microscopical  apatite.  These  are  all  west  of  Eeese  river,  longi- 
tude 117°.  These  are  all  associated  with  the  Nevada  type  of  Archean 
crystalline  schists  composed  of  quartz,  biotite,  muscovite,  and  mag- 
netite, or  quartz,  hornblende,  and  magnetite.  As  to  the  age  of  the  gran- 
ites of  this  type  there  are  practically  no  data  available.  At  one  place  it 
is  intimately  involved  with  the  crystalline  schists  and  is  overlain  uncon- 
formable7 by  the  Carboniferous.  There  is  little  doubt  that  it  is  Archean 
but  its  reference  to  that  period  is  on  general  lithological  grounds.  The 
second  type  is  of  the  same  composition  as  the  first,  except  that  biotite 
is  substituted  for  muscovite.  It  has  a  range  from  the  Ombe  mountains 
west  of  Salt  lake  desert  to  the  California  line.  The  third  type  is  like 
the  second  except  that  biotite  and  hornblende  are  found  together.  This 
distribution  is  coextensive  with  that  of  the  second  type.  The  fourth 
type  is  the  most  complex  in  its  petrological  features  of  any  of  the  fam- 
ilies of  granite,  and  consists  of  quartz,  orthoclase,  plagioclase,  often 
equal  in  quantity  to  the  orthoclase  and  sometimes  exceeding  it,  usually 
a  high  percentage  of  biotite  and  hornblende,  titanite,  and  a  high  propor- 
tion of  microscopic  apatite.  Between  this  class  and  the  diorites  that 
are  unusually  rich  in  orthoclase  there  is  but  little  difference,  although 
there  is  little  danger  of  ever  confounding  the  granitoid  diorite  with  the 
dioritic  members  of  the  fourth  type.  These  granites  are  the  most  prom- 
inent as  regards  geographical  distribution  of  the  truly  eruptive  varie- 
ties observed  in  the  Cordilleras.  When  the  different  types  of  granite 
are  seen  in  apposition  so  as  to  give  a  clew  as  to  their  relative  ages  it  is 
found  that  they  occur  in  the  order  given.  In  denominating  these  groups 
of  granite  as  eruptive  it  is  only  intended  to  indicate  that  in  their  rela- 
tions to  the  contiguous  Archean  schists  they  have  the  appearance  of 
intrusive  bodies,  and  that  in  their  interior  structure  and  general  mode 
of  occurrence  there  are  none  of  those  evidences  of  alliances  to  the  crys- 
talline schists  which  are  observed  in  the  granitoid  gneisses  of  so  many 
localities,  especially  in  the  Kocky  mountain  region.  In  so-called  erup- 
tive granites  there  is  neither  parallelism  of  general  bedding  nor  of  inte- 
rior arrangement  of  the  minerals,  and  the  most  ordinary  phenomenon 
Bull.  86 29 
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of  structure  is  the  development  of  conoidal  shapes  formed  of  concentric 
layers  varying  in  thickness  from  a  few  inches  to  100  feet.  This  structure, 
so  far  as  observed,  is  strictly  confined  to  the  hornblende-bearing  gran- 
ites, and  never  makes  its  appearance  in  those  of  the  first  and  second 
types.  Although  instances  of  each  type  of  granitic  rock  are  found  uncon- 
formably  underlying  the  low  members  of  the  Paleozoic  series,  this  is 
not  the  case  with  each  outcrop ;  many  granitic  masses  are  found  uncon- 
formably  underlying  Mesozoic  or  even  Tertiary  volcanic  rocks.  But 
there  is  absolutely  no  evidence  whatever  in  favor  of  the  belief  of 
granitic  extrusions  later  than  the  Archean  age.  Although  Whitney 
has  found  intrusions  of  granite  in  sedimentary  strata  other  than  the 
Archean  crystalline  schists,  any  attempt  to  correlate  age  by  penolog- 
ical features  alone  is  dangerous,  as  may  be  shown  by  the  fact  that  the 
Jurassic  granite  of  California  and  the  granite  of  the  Cottonwood  region 
on  the  Wasatch,  which  is  unmistakably  Archean,  are  positively  iden- 
tical down  to  the  minutest  microscopical  peculiarity. 

In  the  crystalline  schists  and  gneisses  are  found  identically  the  same 
minerals  which  characterize  the  granites.  In  the  schists  the  charac- 
teristic feature  is  the  parallel  bedded  arrangement.  Granite  possesses 
the  same  minerals ;  the  sole  difference  seems  to  be  that  granite  is  often 
demonstrably  a  plastic  intrusion  and  possesses  no  parallel  arrangement 
of  minerals.  The  geognostic  position  of  the  schists  is  exactly  like  the 
other  strata  which  were  deposited  horizontally  and  afterwards  dis- 
turbed. On  the  other  hand,  granite  in  an  immense  majority  of  cases 
is  found  exposed  in  the  hearts  of  the  mountain  ranges.  It  is  only 
when  we  can  observe  granite  in  direct  connection  with  the  strata  into 
which  it  has  intruded  or  out  of  which  it  has  been  made  that  the  true 
relations  can  be  seen;  and  it  is  safe  to  say  that  wherever  these  inti- 
mate relations  are  observable,  the  granite  occupies  a  region  which  has 
been  subjected  to  horizontal  or  circumferential  pressure.  The  frequent 
phenomena  of  the  under-dip  of  the  strata  flanking  a  granite  mass,  as  in 
the  great  granite  body  of  the  Sierra  Nevada,  are  prominent  instances 
of  the  intimate  relation  spoken  of.  If  in  such  cases  an  unconformable 
overlying  and  unaltered  series  were  to  cover  all  but  the  summits  of 
the  granite  hills,  the  granite  would  appear  simply  as  an  unconform- 
able underlying  body  whose  genetic  relations  are  absolutely  unknown. 
Into  this  category  a  vast  number  of  granite  exposures  of  the  Cordilleras 
have  to  be  placed. 

It  is  an  invariable  law,  then,  that  where  the  genetic  relations  are 
clearly  perceived,  eruptive  granite  is  always  found  in  connection  with 
very  great  horizontal  pressure  and  consequent  disturbance.  Suppose^ 
now,  a  deep-lying  series  of  varied  sedimentary  beds,  covered  by.a  suffi- 
cient superimposed  mass  to  exert  a  pressure  powerful  enough  to  sink 
them  to  the  necessary  thermal  horizon  for  the  induction  of  crystalliza- 
tion in  the  material  of  the  beds.  As  long  as  the  attitude  of  these  beds 
was  undisturbed  by  horizontal  compression,  the  result  would  be  a 
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series  of  crystalline  schists  and  gneisses.  But  the  moment  horizontal 
or  tangential  pressure  either  overcame  or  disturbed  the  action  of  the 
downward  pressure,  the  horizontal  arrangement  of  these  crystallizing 
materials  would  be  broken  up,  and  their  resulting  arrangement  would 
depend  upon  the  interaction  of  the  two  forces. 

Selwyn,11  in  1879,  proposes  the  following  general  stratigraphy  for 
the  older  rocks :  I.  Laurentian :  To  be  confined  to  all  those  clearly  lower 
unconformable  granitoid  or  syenitic  gneisses  in  which  we  never  find 
inter  stratified  bands  of  calcareous,  argillaceous,  arenaceous,  and  con- 
glomeratic rocks.  II.  Huronian :  To  include  (1)  the  typical  or  original 
Huronian  of  lake  Superior  and  the  conformably — or  unconformably,  as 
the  case  may  be — overlying  upper  copper-bearing  rocks;  (2)  the  Hast- 
ings, Templeton,  Buckingham,  Grenville,  and  Bawdon  crystalline  lime- 
stone series;  (3)  the  supposed  Upper  Laurentian  or  Norian;  (4)  the 
altered  Quebec  group  and  certain  areas  not  yet  defined  between  lake 
Matapedia  and  cape  Maquereau,  in  Gaspe ;  (5)  the  cape  Breton,  Nova 
Scotia,  and  New  Brunswick  pre-Primordial  subcrystalline  and  gneis- 
soid  groups.  III.  Cambrian:  In  many  of  the  areas,  especially  the 
western  ones,  the  base  of  this  is  well  defined  by  unconformity,  but  in 
the  Eastern  Townships  and  in  some  parts  of  Nova  Scotia  it  has  yet  to  be 
determined.  The  limit  between  it  and  Lower  Silurian  is  debatable 
ground.  One  point  is  particularly  insisted  on,  that  great  local  uncon- 
formities and  lithological  differences  may  exist  without  indicating  any 
important  difference  in  age,  especially  in  regions  of  mixed  volcanic  and 
sedimentary  strata,  and  that  the  fact  of  crystalline  rocks  (greenstones, 
diorites,  dolerites,  felsites,  norites,  etc.)  appearing  as  stratified  masses 
and  passing  into  schistose  rocks  is  no  proof  of  their  not  bein1  g  of  erup- 
tive or  volcanic  origin;  their  present  metamorphic  or  altered  character  is, 
as  the  name  implies,  a  secondary  phase  of  their  existence,  and  is  un- 
connected with  their  origin  or  original  formation  at  the  surface,  but  is 
due  partly  to  original  differences  of  composition  and  partly  to  the  va- 
rying physical  accidents  to  which  they  have  since  their  formations 
respectively  been  subjected, 

Selwyn,12  in  1881,  states  that  the  anorthosite  rocks  are  in  general 
conformity  with  the  crystalline  limestones,  but  are  occasionally  inter- 
fered with  and  disturbed  by  intrusions  ( ?)  of  the  more  massive  and 
granitoid  variety  of  labradorite.  This  is  proof  that  the  labradorite  or 
Norian  rocks  of  Hunt  do  not  constitute  an  unconformable  Upper  Lau- 
rentian formation,  but  occur  in  part  as  unstratified  intrusive  masses, 
and  in  part  as  interstratifications  with  the  orthoclase-gneisses,  quartz- 
ites,  and  limestones  of  the  Laurentian  system,  as  developed  in  the 
Grenville  region,  and  mapped  by  Logan. 

As  to  the  granites  which  have  been  regarded  as  intrusive  by  Logan, 
both  in  the  crystalline  and  fossiliferous  rock,  there  is  no  doubt  they 
are^of  later  origin  than  the  Silurian  rocks  which  surround  them,  and 
which  are  everywhere,  on  approaching  the  granite,  considerably  al- 
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tered;  chiastolite,  andalusite,  garnet,  mica,  and  other  minerals  ap- 
pearing in  the  slates,  which  are  also  occasionally  changed  to  quartz- 
ose  or  feldspathic  mica-schists,  and  the  associated  fossiliferous  lime- 
stone to  crystalline  and  micaceous  dolomites  with  the  fossils  still  per- 
fectly distinct.  It  has  been  customary  and  orthodox  to  regard  these 
granites  as  "  intrusive,"  and  they  are  so  designated  by  Logan.  The 
author  holds  that  there  is  absolutely  no  proof  of  their  being  so,  either  in 
the  Eastern  Townships,  in  Nova  Scotia  or  in  Australia,  and  that  all  the 
phenomena  connected  with  them  may  be  more  readily  explained  and 
understood  if  we  regard  them  as  completely  metamorphosed  portions 
of  the  strata  which  now  surround  them;  while  the  mere  displacement 
of  strata  involved  in  the  intrusive  theory  appears,  in  view  of  the  enor- 
mous area  now  occupied  by  the  granite,  wholly  inexplicable,  as  does 
also  the  manner  in  which  the  surrounding  strata  often  dip  down  against 
and  on  to  the  granite  and  show  no  signs  of  having  been  deflected  or 
otherwise  affected  as  regards  strike  and  dip  by  the  supposed  intrusions. 

There  is,  however,  often  seen  along  the  contact  lines  of  the  granite 
and  the  slates  a  considerable  breaking  up  and  crushing  of  the  latter, 
and  this  has  been  held  to  indicate  and  be  the  result  of  the  intrusion 
of  the  granite.  It  appears  to  be  mainly  due  to  the  unequal  resistance 
that  the  two  rock  masses  have  offered  to  the  disturbing  forces  of  up- 
heaval, depression,  and  consequent  pressure  which  have  repeatedly 
affected  them  long  after  the  formation  of  the  granite.  The  effect  thus 
produced  is  analogous  to  that  which  occurs  where  the  forces  producing 
slaty  cleavage  encounter  interstratified  hard  layers  of  sandstone,  when 
the  elsewhere  perfectly  regular  and  parallel  cleavage  planes  are  imme- 
diately crushed,  crumpled,  and  deflected. 

In  regions  where  the  granite  or  other  hard  crystalline  rock  is  older 
than  the  adjacent  or  alternating  softer  strata,  perfectly  similar  contact 
lines  may  be  seen,  but  unaccompanied  by  any  change  in  the  mineralog 
ical  character  of  the  adjacent  strata,  such  as  occurs  when  the  crystal- 
line rock  is  the  youngest;  and  therefore  this  phenomenon  can  not  be 
taken  as  conclusive  evidence  of  the  intrusive  origin  of  granite  or  other 
crystalline  rock. 

Selwyn,13  in  1883,  remarks  that  the  Devonian  granite-forming  epoch 
has  had  immense  influence  in  the  pre-Carboniferous  rocks  of  the  region  to 
the  southeast  of  the  great  St.  Lawrence,  Champlain,  and  Hudson  river 
break.  This  is  certainly  deserving  of  more  careful  consideration  and 
study  than  it  has  yet  received,  and  more  especially  so  in  connection  with 
the  alteration  and  metamorphism  it  has  i>roduced  in  large  areas  of 
Paleozoic,  and  perhaps  pre-Paleozoic  rocks.  When  these  altered  Paleo- 
zoic strata  come  in  contact,  as  they  often  do  in  eastern  Canada  and  in 
New  England,  with  the  more  ancient  Huronian  and  Laurentian  gneiss, 
granite,  mica-schist  and  other  crystalline  rocks,  it  is  only  possible  to 
distinguish  them  or  to  define  their  respective  limits  by  the  most  careful 
and  minute  strati  graphical  work,  such  as  the  nature  of  the  regions  in 
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New  England  and  in  the  adjacent  provinces  of  Canada,  where  these 
rocks  are  chiefly  developed,  renders  almost  impossible,  or  at  any  rate 
has  never  yet  been  attempted.  Hence  the  maps  hitherto  published 
representing  the  geological  structure  of  these  regions,  have  necessarily 
been  based  almost  entirely,  so  far  as  the  crystalline  groups  are  con- 
cerned, on  lithological  and  mineralogical  comparisons  and  considerations, 
producing  petrological  rather  than  geological  maps,  and  as  a  conse- 
quence, though  important  and  valuable  aids  to  future  investigation, 
they  afford  a  very  incorrect  and  imperfect  idea  of  the  true  geological 
structure  and  the  sequence  and  distribution  of  the  several  formations. 
Unfortunately,  while  careful,  patient,  and  minute  observation  in  the 
field  has  been  unavoidably  limited  and  local,  stduy  in  the  laboratory 
and  theoretical  deductions  therefrom  have  been  unlimited  and  wide- 
spread, but,  as  might  have  been  expected,  have  not  only  afforded  no 
satisfactory  solution  of  the  intricacies  of  Appalachian  geological  struc- 
ture, but  have  on  the  contrary  involved  it  in  deeper  mystery  and  com- 
plication. It  is  now  evident  that  an  entirely  different  system  of 
procedure  must  be  adopted  before  there  will  be  any  hope  of  definitely 
and  satisfactorily  solving  the  problems  which  have  been  presenting 
themselves  to  successive  observers  in  this  difficult  field. 

Selwyn,14  in  1884,  states  that  recent  investigation  has  greatly  en- 
larged the  area  over  which  the  Archean  rocks  are  known  to  extend, 
though  it  has  not  yet  afforded  any  more  satisfactory  evidence  of  the  re- 
lations of  the  Huronian  rocks  to  the  Laurentian.  In  all  cases  the  sup- 
posed junction  of  the  strata  of  the  two  systems  either  shows  them  ver- 
tically side  by  side  or  the  Huronian  strata  apparently  dipping  under 
the  Laurentian,  while  both  present  a  very  constant  northeasterly  strike. 
Notwithstanding  these  facts,  their  exceedingly  different  mineralogical 
characters  and  general  appearance,  broadly  viewed,  render  it  almost 
impossible  to  suppose  that  the  superposition,  as  indicated  by  these  dips, 
is  the  true  one,  or  that  the  Huronian  is  not  newer  than  the  Laurentian. 
If  so,  then  we  must  admit  that  both  systems  are  presented  in  a  constant 
succession  of  enormously  thick  overturned  folds,  with  perhaps  many 
dislocations  and  slips  on  the  lines  of  the  anticlinal  axes. 

As  regards  the  so-called  Norian  or  Upper  Laurentian  formation,  the 
writer  has  no  hesitation  in  asserting  that  it  has,  as  such,  no  existence 
in  Canada,  its  theoretical  birthplace.  Wherever  these  Norian  rocks 
have  been  observed  they  are  either  intimately  and  conformably  associ- 
ated with  the  ordinary  orthoclase  or  pyroxenic  gneisses,  or  they  occur 
as  intrusive  masses  when  they  present  no  gneissic  or  bedded  structure. 
They  clearly  cut  the  surrounding  gneiss,  and  are  probably  due  to  vol- 
canic or  other  igneous  agency  in  the  Laurentian  age.  Such  masses 
may  not  unreasonably  be  supposed  to  mark  the  sites  of  the  Laurentian 
volcanoes,  while  the  bedded  labradoritic  gneisses  and  other  associated 
strata  may  with  equal  probability  represent  the  eruptive  rocks — lava- 
flows,  etc. — which  emanated  from  them,  and  were  locally  interbedded 
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with  the  ordinary  sediments  of  the  period,  as  rooks  of  similar  origin 
and  composition  certainly  were  in  the  Huronian  and  in  all  later  geologi- 
cal ages,  a  fact  which  has  been  singularly  overlooked  or  ignored  by 
most  writers  on  American  geology. 

At  present  we  have  in  Canada  no  evidence  which  would  warrant  us 
in  making  more  than  two  great  divisions  in  the  Archean  crystalline 
rocks.  In  many  parts,  especially  in  the  eastern  provinces,  it  has  been 
found  impossible  to  define  even  these  clearly.  Rocks  of  typical  Lauren- 
tian  character  are  there  so  intimately  associated  with  others  of  equally 
typical  Huronian  characters,  and  in  such  constant  alternations,  that  in 
mapping  them  they  could  not  be  separated,  and  are  therefore  all  classed 
as  Archean  or  pre-dimbrian. 

Whitney  and  Wadswobth,15  in  1884,  after  a  very  wide  but  dis- 
proportionate review  of  the  literature  of  the  pre-Potsdam  rocks,  conclude 
that  it  is  impossible  for  any  unprejudiced  worker  in  this  department  of 
science  to  peruse  with  care  the  pages  given  and  not  be  obliged  to  ad- 
mit that  the  geology  of  a  large  portion  of  this  country,  and  especially 
that  of  Canada  and  New  England,  is  in  an  almost  hopeless  state  of  con- 
fusion. The  belief  is  justified  that  our  chances  of  having  at  some  future 
time  a  clear  understanding  of  the  geological  structure  of  northeastern 
North  America  would  be  decidedly  improved  if  all  that  were  written 
about  it  were  at  once  struck  out  of  existence.  While  not  desiring  to 
conceal  the  fact  that  some  of  the  problems  presented  in  the  course  of 
the  study  of  the  older  rocks  are  extremely  difficult,  it  is  clearly  proved 
that  want  of  knowledge,  want  of  experience,  and  a  desire  to  produce 
sensational  theories,  have  brought  about  this  condition  of  confusion. 

In  reference  to  Azoic  rocks,  there  are  several  classes  to  which  this 
term  may  be  applied.  First,  it  may  be  applied  to  strata  once  fossilif- 
erous  in  which  the  evidences  of  life  have  disappeared.  Second,  rocks 
may  be  Azoic  even  if  laid  down  when  life  was  existing  on  the  globe, 
provided  the  local  conditions  were  not  favorable  to  its  development  at 
the  particular  locality  under  consideration.  Third,  rocks  must  neces- 
sarily be  Azoic  when  formed  or  originating  under  such  a  condition  as 
were  incompatible  with  the  existence  of  life.  Such  was  the  original 
crust  of  the  earth  and  the  volcanic  eruptive  rocks.  Fourth,  we  may 
have  rocks  formed  under  such  conditions  as  were  not  inimical  to  life, 
but  yet  Azoic,  because  life  had  not  begun  to  exist  on  the  globe  at  the 
time  of  their  deposition.  These,  according  to  our  view,  would  be  the 
rocks  properly  designated  by  the  term  "Azoic,"  and  the  body  of  rocks 
having  this  character  might  properly  be  called  the  "Azoic  System." 
And  we  think  that,  in  view  of  what  has  here  been  set  forth,  no  one 
will  deny  that  it  is  important  that,  if  there  are  such  rocks,  they  should 
have  a  special  designation,  and  that  the  term  "Azoic n  would  be  a 
proper  one  to  apply  to  them. 

This,  however,  is  exactly  what  was  done  by  Foster  and  Whitney  in 
1850,  when  they  gave  the  name  of  the  "Azoic  System  "  to  a  body  of 
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siratn,  originally — in  part,  at  least — of  sedimentary  origin,  which  did 
not  show  by  their  character  that  life  could  not  have  existed  at  the 
time  of  their  deposition,  but  which  proved,  on  examinaion,  to  be  en- 
tirely destitute  of  fossils,  and  which,  moreover,  were  found  everywhere 
to  underlie  unconformably  other  stratified  formations  which  were  re- 
cognized as  containing  the  lowest  known  forms  of  organic  life.  It  is 
denied  that  Eozoon,  beds  of  limestone,  the  presence  of  graphite  in 
crystalline  limestone,  or  any  other  discovered  material  in  the  pre-Pots- 
dam  rocks,  are  sufficient  evidence  for  the  j>resence  of  life. 

It  is  considered  that  we  are  fully  justified  in  saying  that  the  results 
of  geological  investigation  during  the  last  thirty- five  years  have  given 
no  encouragement  to  the  idea  that  below  the  well  known  Primordial 
zone — the  Potsdam  sandstone  of  American  geologists — there  is  another 
series  of  fossiliferous  rocks. 

If  the  Azoic  rocks  are  really  azoic,  as  is  believed,  then  it  follows,  as 
a  matter  of  course,  that  the  series  thus  designated  can  only  be  sep- 
arated into  subsystems  on  purely  lithological  grounds ;  if  they  are  fos- 
siliferous, as  held  by  the  Canada  survey,  then  it  is  equally  clear  that 
any  subdivisions  proposed  for  them  should  have  a  paleontological  basis. 
It  is  denied  that  Aspidella  and  Arenicolites  spiralis  are  of  organic 
origin. 

If  we  examine  the  often  repeated  statement  that  the  Huronian  un- 
conformably reposes  on  the  worn  edges  of  the  Laurentian,  and  contains 
the  debris  of  the  latter,  it  will  be  found  that  in  the  seven  cases  in  which 
the  rocks  referred  to  these  two  formations  were  found  in  contact  in  the 
Canadian  district,  the  Huronian,  with  but  two  exceptions,  is  said  to 
be  conformable  with  and  to  generally  pass  imperceptibly  into  the  Lau- 
rentian. In  one  of  the  these  two  exceptions  the  rocks  show  mutually 
intrusive  relations,  and  in  the  other  the  Huronian  abuts  against  and 
runs  under  the  Laurentian. 

In  all  cases  in  which  pebbles  and  fragments  of  the  Laurentian  have 
been  found  in  the  Huronian,  they  were  seen  occurring  high  up  in  the 
latter  series,  and  not  forming  basement  conglomerates.  All  the  other 
so-called  proof  of  unconformity  has  been  made  out  of  the  fact  that  the 
strike  of  the  foliation  in  the  two  formations,  when  not  in  contact,  has 
been  found  to  be  discordant — worthless  evidence  unless  the  rocks  ob- 
served in  both  formations  be  proved  to  be  sedimentary  and  the  folia- 
tion be  shown  to  be  coincident  with  the  stratification.  Now,  if  the 
Laurentian  was  an  old  metamorphosed  sedimentary  formation  which 
had  been  upheaved  and  contorted,  and  on  whose  worn  edges  the  Hu- 
ronian has  been  laid  down,  the  evidence  of  the  fact  ought  to  be  over- 
whelming in  amount  after  the  country  has  been  studied  for  so  many 
years. 

It  is  well  known  that  any  eruptive  rock  so  soon  as  it  comes  in  contact 
with  erosive  agencies  will  yield  fragmental  material  even  before  it  is 
cold,  and  that  much  eruptive  matter  is  ejected  in  a  fragmental  state? 
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so  that  in  a  mixed  series  of  eruptive  and  detrital  rocks  nothing  is  more 
common  than  to  have  the  debris  of  one  inclosed  in  another,  without 
that  inclosure  proving  that  the  rocks  differ  in  geological  age.  This  is 
well  known  to  be  the  case  with  the  copper-bearing  rocks  of  Keweenaw 
point,  and  it  has  been  shown  that  the  iron  ores  of  the  Marquette  dis- 
trict, which  form  a  constituent  part  of  the  so-called  Huronian,  are  over- 
lain by  a  conglomerate  containing  the  debris  of  the  former ;  yet  both 
are  by  every  geologist  placed  in  the  same  series. 

The  basis  of  fact  which  forms  the  main  support  of  the  twofold  divi- 
sion of  the  Archean — including  under  that  designation  all  rocks  lying 
below  the  lowest  fossiliferous  series — is  this:  the  axial  or  eruptive 
portions  of  disturbed  and  mountain  regions  are  largely  granitic  and 
gneissoid  in  character.  These  granitic,  granitoid,  and  gneissic  masses 
are  brought  to  light  in  the  cores  of  great  mountain  chains,  where  long- 
continued  uplift  of  the  original  crust  of  the  earth  has  through  a  suc- 
cession of  geological  ages  been  furnishing  the  material  from  which  the 
sedimentary  formations  were  built  up.  That  the  gneissic  or  gneissoid 
rocks  are  closely  allied  to  the  distinctly  granitic  and  not  necessarily 
metamorphosed  stratified  deposits  is  clear,  as  the  result  of  long  con- 
tinued invescigations  in  regions  where  rocks  of  this  kind  occur.  Not 
that  all  gneisses  are  of  this  character;  but  those  are  ordinarily  so 
which  with  granite  make  up  the  axial  masses  of  disturbed  regions. 
That  the  parallel  structure  of  the  materials  forming  gneiss  is  not  neces- 
sarily the  result  of  sedimentation  seems  clearly  to  result  from  that 
which  has  been  done  both  in  experimental  and  field  geology  within 
the  last  few  years.  It  can  not  be  denied  that  a  foliated  arrangement 
or  a  parallel  disposition  of  the  mineral  elements  of  various  sedimentary 
rocks  can  be,  and  often  has  been,  induced  in  them  after  their  deposition, 
and  that  this  parallel  arrangement  is  not  by  any  means  necessarily 
coincident  with  the  planes  of  stratification.  This  fact  alone  is  absolutely 
conclusive  in  favor  of  the  idea  that  parallel  arrangement  of  the  mineral 
constituents  of  a  rock — in  other  words,  a  gneissic  structure,  in  rocks 
of  the  granite  family — is  not  proof  of  sedimentation. 

Overlying  the  granitic  and  gneissic  axial  rocks  we  are  likely  to  find, 
and  in  many  cases  do  find,  the  stratified  masses  which  were  formed 
from  the  preexisting  crust  themselves  usually  highly  metamorphosed, 
because  formed  at  a  period  of  great  chemical  and  mechanical  activity. 
With  these  stratified  and  highly  altered  masses  are  associated  erup- 
tive materials — both  interbedded  and  injected  in  dike  form — these  also 
often  greatly  metamorphosed,  and  to  such  an  extent  that  their  original 
character  is  only  with  difficulty,  and  with  the  aid  of  the  microscope,  to 
be  recognized.  This  protrusion  or  forcing  out  of  eruptive  materials 
seems  to  have  followed  the  preceding  uplift  of  the  original  crust,  if  not 
as  a  necessity  at  least  as  something  extremely  likely  to  occur,  as  is 
shown  by  the  fact  that  in  so  many  great  mountain  chains  we  find  vol- 
canic activity  more  and   more  predominating   with  the  progress  of 
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geological  time.  Since  these  eruptive  materials  conic  from  a  gradually 
increasing  depth  below  the  surface  of  the  original  crust  they  arc  more 
basic  than  this,  and,  since  as  a  rule  they  contain  more  iron  than  that 
crust,  are  darker  colored  than  the  masses  by  which  they  arc  directly 
underlain.  Hence  the  detrital  beds  formed  from  the  debris  of  these 
more  basic  materials  are  themselves  of  a  dark  color,  and  as  a  result  of 
their  metamorphism  we  have  the  various  slates,  argillaceous,  talcose, 
and  chloritic,  which  so  commonly  rest  upon  the  granitic  and  gneissoid 
rocks  which  form  the  core  or  axis  of  the  disturbed  region.  With  these 
slaty  rocks  are  also  associated  limestone  masses,  which,  so  far  as  our 
observations  go,  are  not  ordinarily  inter  stratified  with  the  slates,  but 
are  of  the  nature  of  segregated  deposits,  having  been  formed  posterior 
to  the  formation  of  the  sedimentary  beds  with  which  they  are  associ- 
ated, while  the  metamorphosing  agencies  were  at  work  making  over 
the  beds  into  the  crystalline  form  in  which  we  now  see  them. 

In  the  division  of  the  rocks  into  Laurentian,  Huronian,  dorian, 
Montalban,  Taconian,  Arvonian,  only  lithological  principles  are  now 
used,  and  every  fact  pertaining  to  the  origin  and  relations  of  these 
rocks  is  ignored;  and  since,  while  it  is  assumed  that  all  these  rocks 
are  sedimentary,  they  are  found  to  occur  in  dikes  and  other  eruptive 
forms,  it  becomes  necessary  to  hold  that  all  eruptive  (including  vol- 
canic) rocks  were  the  products  of  a  metamorphic  (aqueo-igneous) 
action.  Hence  it  is  claimed  that  all  these  rocks  had  been  deeply 
buried  and  then  denuded,  and  most  extravagant  views  have  become 
current  regarding  denudation. 

It  thus  came  about  that  the  coarser  grained  granitoid  and  gneissic 
rocks  were  set  apart  as  Laurentian,;  the  gabbros  and  some  of  the  more 
coarsely  crystalline  diabases  and  diorites  were  erected  into  the  Norian ; 
the  felsites  and  quartz-porphyries  were  placed  as  the  Arvonian;  the 
finer  grained  diorites,  diabases,  melaphyres,  and  chlorite-schists  were 
formed  into  the  Huronian;  the  more  friable  granitic  and  gneissic  rocks 
with  the  mica-schists  were  classed  as  Montalban,  and  the  quartzites, 
limestones,  and  argillites  were  united  into  the  Taconian.  Of  course,  in 
each  case  the  metamorphic  fragmental  forms  of  each  rock  were  placed 
with  the  rocks  they  resembled,  while  the  other  forms  of  crystalline 
rocks  were  distributed  through  the  groups. 

Adams,16  in  1887,  gives  a  general  consideration  of  the  Upper  Lauren- 
tian or  Korian,  which  has  been  separated  from  the  Lower  Laurentian 
by  the  predominance  of  plagioclase  feldspar.  These  rocks  occur  in 
detached  areas  in  the  Laurentian  districts  and  are  similar  to  the  gab- 
bro  and  gabbro-diorites  of  Scandinavia.  At  least  nine  areas  are  known 
to  exist  in  Canada,  and  one  in  the  state  of  New  York.  Besides  pyroxene 
and  plagioclase,  many  other  minerals  are  found. 

The  rocks  show  much  variation  in  structure.  They  are  rarely  quite 
massive,  frequently  well  foliated,  but  usually  consist  of  a  rather 
coarsely  crystalline   groundmass  through  which  are  scattered  irregular 
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strings  and  masses  composed  of  iron  ore,  bisilicates,  and  mica,  as  well 
as  larger  porphyritic  crystals  of  plagioclase.  Even  when  tolerably  con- 
stant in  composition  there  is  generally  a  great  variation  in  size  of  grain, 
coarse  and  fine  layers  alternating  in  rude  bands  or  rounded  masses. 
In  the  case  of  some  of  the  areas  there  can  be  but  little  doubt  that  the 
anorthosite  is  eruptive;  in  others,  however,  it  seems  to  be  interstrati- 
fied  with  the  Laurentian  gneiss,  and  in  one  of  them  to  merge  imper- 
ceptibly into  it.  The  original  relations  of  the  rocks  are,  of  course, 
much  obscured  by  the  effects  of  subsequent  heat  and  pressure.  The 
evidence  at  present,  however,  seems  to  indicate  that  the  anorthosites 
are  the  result  of  some  kind  of  extravasation  which  in  early  times  corre- 
sponded to  what  in  modern  times  we  call  volcanic  eruption. 

Dawson,  (Sir  William),17  in  1888,  describes  the  Eozoic  rocks  of  the 
Atlantic  coast  and  compares  them  with  those  of  western  Europe  and 
the  interior  of  America. 

The  Laurentian  system  consists  in  all  parts  of  the  world  largely  01  j 
orthoclase-gneiss  associated  with  crystalline  schists,  and  locally  quartz- 
ites  and  limestone. 

No  one  who  has  studied  the  typical  districts  of  the  Ottawa  river  can] 
doubt  for  a  moment  that  they  are  regularly  bedded  deposits,  and  that 
in  the  Middle  Laurentian  those  conditions  which  in  later  periods  have i 
produced  beds  of  limestone,  sandstone,  iron  ore,  and  even  of  coal,  were  j 
already  in  operation  on  a  gigantic  scale.  At  the  same  time  it  may  bej 
admitted  that  some  areas  of  the  lower  gneiss  may  be  cooled  portions  i 
of  an  original  igneous  mass,  and  that  many  of  the  schistose  rocks  may  5 
be  really  bedded  igneous  materials. 

Laurentian  rocks  compose  the  nucleus  of  the  island  of  Newfound-^ 
land,  occur  in  cape  Breton,  and  in  southern  New  Brunswick. 

In  the  typical  area  of  lake  Huron,  as  originally  described  by  Logan  | 
and  Murray,  the  Huronian  rests  unconformably  on  the  Lower  and 
Middle  Laurentian,  and  presents  a  great  contrast  in  point  of  mineral 
character  to  these  formations.  It  is  comparatively  little  disturbed, 
and  is  clastic  rather  than  crystalline  in  character.  This  point  has  been* 
well  insisted  upon  by  Bonney  and  by  Irving  in  recent  papers.  Further,, 
its  conglomerates  contain  pebbles  of  Laurentian  rock  in  the  same 
crystalline  state  in  which  these  rocks  are  found  at  present.  It  consists! 
chiefly  of  quartzites,  conglomerates  of  different  kinds,  limestone,  ana 
slates,  sometimes  chloritic,  with  interbedded  diorite. 

In  Newfoundland  the  older  slate  series  of  Jukes  is  lithologically  very 
like  the  Huronian,  and  this  likeness  is  increased  by  the  fact  that  red 
sandstones  and  conglomerates  like  the  Keweenian  of  the  West  over- 
lie these  lower  slates. 

On  the  coast  of  southern  New  Brunswick  are  the  Ooldbrook  and 
Coastal  series,  essentially  like  those  of  Newfoundland.  The  Coastal 
group  may  perhaps  be  of  later  age  than  the  Huronian  proper,  although 
pre-Cambrian. 
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As  in  Newfoundland,  the  typical  Huronian  of  New  Brunswick   is 

overlain  by  conglomerates,  sandstones,  and  shales.  The  Huronian  rocks 
of  Huron,  Newfoundland,  and  New  Brunswick  are  also  compared  with 
the  Pebidian  of  Wales.  The  Huronian  marks  a  period  of  igneous  dis- 
turbance and  coarse  mechanical  deposition  succeeding  to  the  Lauren - 
tian  foldings. 

Irving,18  in  1888,  after  a  detailed  consideration  of  the  principles  ap- 
plicable to  the  classification  of  the  early  Cambrian  and  pre-Oambrian 
formations,  reaches  the  following  general  conclusions  as  to  the  use  of 
lithological  characters  and  structural  breaks  in  correlation. 

Lithological  characters  are  properly  used  in  classification : 

(1)  To  place  adjacent  formations  in  different  groups,  on  account  of 
their  lithological  dissimilarities,  when  such  dissimilarities  are  plainly 
the  result  of  great  alteration  in  the  lower  one  of  the  two  formations 
and  are  not  contradicted  by  structural  evidence,  or  if  used  as  confirm- 
atory evidence  only,  when  such  dissimilarities  are  the  result  of  original 
depositional  conditions. 

(2)  To  collect  in  a  single  group  adjacent  formations  because  of  litho- 
logical similarities  when  such  similarities  are  used  as  confirmatory  evi- 
dence only. 

(3)  To  correlate  groups  and  formations  of  different  parts  of  a  single 
geological  basin  when  such  correlations  are  checked  by  stratigraphy, 
and  particularly  by  observations  made  at  numerous  points  between  the 
successions  correlated. 

They  are  improperly  used : 

(1)  To  place  adjacent  formations  in  different  groups,  on  account  of 
lithological  dissimilarities,  when  such  dissimilarities  are  merely  the  re- 
sult of  differences  in  original  depositional  conditions,  and  when  such 
evidence  of  distinction  is  not  confirmed  by  or  is  contradicted  by  struc- 
tural and  paleontological  evidence. 

(2)  To  collect  in  a  single  group  adjacent  formations  because  of  litho- 
logical similarities  when  such  similarities  are  not  confirmed  by  or  are 
contradicted  by  other  evidence. 

(3)  To  establish  general  correlations  between  the  clastic  groups  of 
different  geological  basins,  except  possibly  when  the  gneissic  and  true 
crystalline  schist  basement  formation  of  one  region  is  compared  with 
the  similar  basement  formation  of  another. 

(4)  To  establish  and  determine  any  world-wide  subdivisions  of  the 
noneruptive  basement  crystallines,  i.  e.,  those  which  underlie  the  clas- 
tic groups  here  called  Huronian — at  least  until  very  much  more  definite 
evidence  of  the  existence  of  such  subdivisions  be  gathered  than  has 
hitherto  been  done. 

The  structural  breaks  called  unconformities  are  properly  used  in 
classification — 

(1)  To  mark  the  boundaries  of  the  rock  groups  of  a  given  region. 

(2)  To  aid  in  establishing  correlations  between  the  formations  of  dif- 
ferent parts  of  a  single  geological  basin. 
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(3)  To  aid  in  the  establishment  of  correlations  between  the  groups 
of  regions  distantly  removed  from  one  another ;  but  caution  is  needec 
in  attempting  such  correlations  in  proportion  as  the  distances  betweei 
the  regions  compared  grow  greater. 

They  are  improperly  ignored — 

(1)  When  the  evidence  they  offer  as  to  separateness  is  allowed  to  b( 
overborne  by  anything  but  the  most  complete  and  weighty  of  paleon 
tological  evidence. 

As  here  used  the  terms  system,  group,  and  formation  are  the  thre 
orders  of  magnitude  in  stratigraphical  subdivisions.  Cenozoic,  Meso 
zoic,  and  Paleozoic  are  systems;  Carboniferous,  Devonian,  etc.,  groups 
and  the  subordinate  members  of  these  groups  are  formations. 

Applying  these  principles,  it  is  concluded  that  such  series  as  th 
Keweenawan  and  Huronian  are  entitled  to  the  rank  of  groups  (1)  be 
cause,  notwithstanding  they  include  a  considerable  content  of  volcanic 
crystallines,  they  are  nevertheless  in  the  main  made  up  of  genuine  sed- 
imentary strata,  whose  formation  by  the  same  processes  which  have, 
been  at  work  in  the  accumulation  of  later  sedimentaries  is  easily, 
demonstrable;  (2)  because  they  have  accumulated  during  the  existence 
of  life  on  the  globe,  as  hereafter  maintained ;  (3)  because  of  their  great 
volumes,  which  are  not  only  comparable  with,  but  very  considerably 
exceed  those  of  the  ordinary  rock  groups;  (4)  because  they  are  divisible 
into  subordinate  members  which  are  in  turn  fully  entitled  to  the  rank! 
of  formations;  (5)  because  of  their  entire  structural  separateness  from 
the  oldest  of  the  groups  above  them,  from  each  other  and  from  thd 
crystalline  basement  rocks  below  them;  and,  finally,  (0)  because  oij 
their  presumptively  wide  extent. 

Conditions  similar  to  those  of  the  lake  Superior  region  recur  in  the] 
Grand  Canyon  of  the  Colorado  and  probably  also  in  central  Texas.  In] 
Newfoundland,  again,  we  have  unconformably  placed  beneath  the  Cam-j 
brian,  here  developed  with  an  enormous  thickness,  two  mutually  disj 
cordant  series,  the  upper  one  of  which  is  entitled  on  the  principles 
advocated  in  this  paper  to  full  recognition  as  a  clastic  group,  while  thej 
lower  one  is  crystalline  and  gneissic.  In  numerous  other  regions  sim-j 
ilar  conditions  have  been  more  or  less  distinctly  made  out;  but  thd 
geological  column,  as  it  is  now  ordinarily  presented,  provides  be| 
neath  the  Cambrian  for  one  great  division  only — the  Archean.  Byj 
some  authors  this  Archean  is  recognized  as  divisible  into  Huroniain 
and  Lauren tian;  but  very  few  writers,  even  when  they  have  recognized] 
the  independent  existence  of  pre-Cambrian  and  post-Laurentian  groups 
seem  to  have  accorded  to  such  groups  the  taxonomical  rank  to  which] 
they  are  entitled.  Certainly  there  has  been  no  general  recognition  oi 
these  groups,  such  as  would  lead  to  the  provision  for  them  of  a  propen 
place  in  the  general  geological  column. 

If  it  is  agreed  that  all  clastic  formations  which  unconformably  under^j 
lie  the  Cambrian  are  to  be  thrown  out  of  the  Cambrian  group,  it  is  nec« 
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essary  to  inquire  whether  the  new  groups  are  to  be  regarded  as  Paleo- 
zoic. All  may  be  regarded  as  Archean;  Paleozoic  may  be  carried 
down  to  the  break  between  the  Keweenawan  series  and  the  Huronian; 
Archean  may  be  restricted  to  the  gneissic  basic  series;  and,  finally, 
some  entirely  new  term  of  equal  rank  with  Paleozoic  and  Archean  may 
be  introduced  to  cover  the  formations  between  the  gneissic  series  and 
the  Cambrian.  The  apparent  relative  extent  of  the  time  intervals  be- 
tween these  several  groups  and  the  indications  presented  by  them  of 
the  existence  of  life  during  their  deposition  lead  to  the  conclusion  that 
there  should  be  introduced  a  system  term  equivalent  to  Paleozoic  and 
Archean.  In  favor  of  restricting  Archean  to  the  gneissic  basement 
teirane  are  the  facts  that  this  is  essentially  a  crystalline  schist  series, 
having  rarely  any  traces  of  fragmental  constitution,  because  it  shows 
an  amount  of  disturbance  prior  to  the  deposition  of  the  Huronian,  which 
entirely  outweighs  that  received  by  the  Huronian,  while  the  amount 
of  denudation  of  the  pre-Huronian  land  surface,  as  compared' with  that 
which  followed  /the  Huronian,  was  immensely  greater;  and  because 
many  believe  that  the  exact  conditions  which  gave  rise  to  the  pre- 
Huronian  basement  formation  has  never  been  repeated  in  later  geo- 
logical time's. 

There  is  no  satisfactory  evidence  of  the  existence  of  life  previous  to 
the  deposition  of  the  Huronian.  That  it  existed  plentifully  in  the 
Huronian  is  indicated  by  the  high  development  of  life  at  the  beginning 
of  the  Cambrian  and  its  consequent  necessary  existence  for  great  periods 
prior  to  that  time ;  by  the  occasional  discovery  of  obscure  fossil  remains ; 
by  the  abundant  occurrence  of  shales  and  slates  filled  with  organic 
matter;  by  extended  ferruginous  strata  whose  original  accumulation 
in  the  form  of  carbonate  was  certainly  dependent  upon  the  existence  of 
organic  matter.  That  the  carbon  of  the  shales  is  matter  of  genuine 
organic  origin  is  shown  by  residual  traces  of  hydrocarbons  and  by  the 
fact  that  the  carbonaceous  substance  in  character  and  occurrence  is 
entirely  similar  to  that  contained  in  the  carbonaceous  shales  of  later 
formations.  If  the  term  Paleozoic  is  to  be  used  to  cover  all  formations 
accumulated  after  the  beginning  of  the  existence  of  life,  it  should  ex- 
tend downward  over  the  groups  in  question ;  but  such  is  not  its  ordi- 
nary use,  and  to  extend  it  downward  over  the  Keweenawan  and  Hu- 
ronian strata  and  the  intervals  indicated  by  the  unconformities  between 
the  groups  already  discovered,  and  over  such  groups  as  shall  be  dis- 
covered in  the  vast  area  of  the  earth's  surface  not  yet  geologically 
known,  does  not  seem  warranted.  It  is  therefore  desirable  that  a  new 
term  shall  be  introduced  of  equal  classificatory  value,  indicating  that 
the  great  pre-Cambrian  and  post- Archean  series  are  zoic  in  character 
and  are  equal  to  or  greater  in  volume  than  the  Paleozoic.  For  this  place 
is  suggested  the  term  Agnotozoic,  but  some  of  the  writer's  colleagues 
prefer  the  more  noncommittal  term  of  Eparchean,  signifying  simply 
the  position  of  these  formations  upon  the  Archean. 
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The  following  table  shows  alternative  arrangement  suggested  by  the 
above : 


Systems. 


Paleozoic 


Agnotozoic  or  Eparchean. 
Archean 


(rl'OUpS. 


C  Carboniferous 

)  Devonian 

i  Silurian 

[  Cambrian 

(  Keweenawan 

<  Huron ian 

(  (Otber  groups ?) 

Laurentian  (including  Upper  Laurentian). 


Systems. 


>  Paleozoic. 


J        . 
Archean. 


Hunt,19  in  1888,  summarizes  the  results  of  his  work  on  the  arrange- 
ment, subdivision,  and  nomenclature  of  the  pre-Cambrian  terranes,  as 
follows : 

(1)  Laurentian.  Under  this  name,  proposed  and  adopted  by  the 
author  in  1854,  is  comprised  the  old  gneissic  terrane  foAnd  especially  in 
the  Laurentide  and  Adirondack  mountains,  as  well  as  in  the  great 
Atlantic  chain  and  in  the  Eocky  mountains  of  the  center  of  North 
America.  To  this  same  series  the  author  has  also  annexed  the  similar 
gneisses  oY  Great  Britain  and  Scandinavia,  as  well  as  the  old  or  centf  al 
gneiss  of  the  Alps.  From  the  time  of  our  first  studies  in  Canada,  in 
1847,  we  had  pointed  out  the  existence,  in  this  gneissic  terrane,  of  two 
subdivisions,  one  lower,  of  granitoid  gneiss  which  blends  with  the  fun- 
damental granite,  to  which  succeeds  with  unconformable  stratification 
a  series  of  gneisses  also  granitoid,  frequently  amphibolic,  interspersed 
with  quartzites  and  crystalline  limestones,  with  serpentine.  These  two 
subdivisions,  which  we  may  provisionally  name  Lower  and  Upper  Lau- 
rentian, have  been  called  respectively  the  Ottawa  gneiss  and  the  Gien 
ville  series.  In  order  to  avoid  all  error  it  is  necessary  to  note  that  the 
title  of  Upper  Laurentian  was  for  some  time  given  by  Logan  to  the  ter 
rane  designated  afterward  as  Labradorian  and  Norian.  It  is  therefore 
through  misunderstanding  that  some  have  wished  to  retain  as  a  desig- 
nation of  the  upper  division  of  the  Laurentian  terrane  the  term  Middle 
Laurentian. 

(2)  Norian.  The  terrane  thus  designated  by  the  author  in  1870  is  in 
large  part  composed  of  those  stratified  rocks  with  an  anorthic  feldspar 
base,  to  which  the  name  norite  has  been  given.  This  terrane,  however, 
includes  intercalated  beds  of  gneiss,  quartzite,  and  crystalline  lime- 
stone, all  being  rather  similar  to  those  of  the  Upper  Laurentian  terrane. 
These  norites,  which  have  sometimes  been  designated  by  the  name 
gabbro,  must  not  be  confounded  with  the  very  distinct  gabbros  of  the 
Huronian  terrane,  nor  with  certain  plutonic  rocks,  to  which  they  bear 
mineralogic  resemblances.  The  facies  of  the  norites  serves  to  distin- 
guish them. 

(3)  Arvonian.  This  terrane  is  composed  in  large  part  of  petrosiliceous 
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rocks  which  pass  into  the  state  of  quartziferous  porphyry,  with  which, 
however,  certain  amphibolic  rocks  are  intercalated,  as  well  as  sericitic 
schists,  quartzites,  oxides  of  iron,  and  more  rarely  crystalline  lime- 
stone. This  terrane,  indicated  for  the  first  time  by  Hicks,  in  1878,  in 
Wales,  is  regarded  by  Charles  Hitchcock  as  forming  in  North  America 
the  lower  part  of  the  Hiironian  terrane. 

(4)  Huronian.  This  name  Avas  given  by  the  author  in  1855  to  a  ter- 
rane already  recognized  in  North  America,  where  it  rests  unconform- 
ably  either  on  Laurentian  gneisses  or  on  Arvonian  hornston.es.  It  com- 
prises, besides  quartzose,  epidotic,  chloritic,  and  calcareous  schists, 
also  masses  of  serpentine  and  lherzolite,  as  well  as  euphotides,  which 
represent  in  this  terrane  the  norites  of  the  Norian  terrane,  with  which 
they  are  sometimes  confounded  under  the  common  name  of  gabbro. 

This  terrane  predominates  in  the  Alps,  where  it  forms  the  series  of 
red  stones  (pietre  verdi). 

(5)  Montalban.  The  studies  of  von  Hauer,  published  in  1868,  on  the 
eastern  Alps,  and  those  of  Gerlach  on  the  western  Alps,  published  the 
.year  following,  agree  in  recognizing  in  these  regions  two  gneissic  ter- 

ranes,  that  is  to  say,  an  old  or  central  gneiss  and  a  young  or  recent 
gneiss;  the  latter,  which  is  very  distinct  from  the  old  gneiss  from  a 
petrographic  point  of  view,  being  accompanied  by  micaceous  and  am- 
phibolic schists.  The  studies  of  Gastaldi,  published  in  1871,  and  those 
of  Neri,  published  in  1874,  while  confirming  Hauer  and  Gerlach's  re- 
sults, have  furnished  more  details  on  these  terranes  and  their  litho- 
logic  characters.  It  is  proper  to  remark  here  that  all  these  observers 
seem  to  be  agreed  in  placing  the  horizon  of  the  greenstones  (Huronian) 
between  the  old  gneiss  (Laurentian)  and  the  young  gneiss. 

Before  he  had  knowledge  of  the  first  observations  of  these  scientists, 
the  author,  in  accordance  with  his  own  studies  in  North  America,  was 
led  to  identical  conclusions,  and  in  1870  he  announced  the  existence  of 
a  series  of  young  gneisses,  quite  distinct  from  the  old  gneisses,  and 
accompanied  by  crystalline  limestones  and  by  micaceous  and  amphi- 
bolic schists.  To  this  terrane,  in  view  of  its  great  development  in  the 
White  mountains  of  New  Hampshire,  he  gave  in  1871  the  name  of 
Montalban.  This  series,  for  the, rest,  appears  identical  with  the  young 
gneiss  of  the  Alps,  with  gneisses  and  mica-schists  called  Hercynian  in 
Bavaria,  with  the  granulites  with  dichroite  rocks,  mica-schists,  and 
lherzolite  of  the  Erzgebirge  in  Saxony,  and  similar  rocks  in  the  moun- 
tains of  Scotland.  This  Montalban  terrane  in  North  America  includes 
not  only  crystalline  limestones,  but  beds  of  lherzolite  and  serpentine, 
quite  like  the  Huronian  and  the  Laurentian.  It  is  also  in  this  series 
that  are  found  most  of  the  "  filonian"  or  endogenous  masses  of  pegma- 
tite, often  inclosing  emerald,  tourmaline,  and  tin,  uranium,  tantalum, 
and  niobium  ores. 

Gastaldi,  in  a  memoir  published  in  1874,  declares  that  the  greenstones, 
properly  so  called,  lie  between  the  old  porphyroid  and  fundamental 
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gneiss  and  the  recent  more  finely  grained  gneiss,  more  quartzose  than 
the  other,  which  he  also  designates  as  gneissic  mica-schist  or  as  very 
micaceous  gneiss  passing  into  mica-schist  and  often  amphibolitic;  the 
two  gneissic  series  being  according  to  him  easy  to  distinguish.  To 
these  two  divisions  above  the  old  gneiss  Gastaldi  added  a  third  divi- 
sion still  more  recent.  This  division  contains  considerable  thicknesses 
of  beds  designated  by  him  under  the  titles  of  argillaceous  schists,  or, 
rather,  lustrous,  talcose,  micaceous,  and  sericitic  (silk-like)  schists.  As- 
sociated with  these  schists  are  also  found  quartzites,  statuary  and 
Cipolino  marbles,  with  dolomite,  karstenite,  and  sometimes  amphibolic 
rocks  and  serpentines,  the  presence  of  which  in  this  division,  and  even* 
in  the  recent  gneisses,  as  well  as  in  the  greenstones,  properly  so  called, 
seemed  to  him  to  justify  the  name  of  "  zone  of  greenstones,"  often  given 
by  Gastaldi  to  the  whole  of  this  triple  group  of  crystalline  schists  which 
he  recognized  as-being  less  old  than  the  central  gneiss. 

(6)  Taconian.  This  third  division,  to  which  Gastaldi  gave  no  dis- 
tinctive name,  has,  as  is  known,  a  very  interesting  history  in  Italian 
geology.  A  terrane  having  at  the  same  time  the  same  horizon  and  the 
same  mineralogical  characters  is  found  greatly  developed  in  North 
America,  where  it  comprises  quartzites  (often  schistose  and  sometimes 
flexible  and  elastic)  and  crystalline  limestones,  yielding  statuary  and 
Cipolino  marbles.  There  are  also  found  there  deposits  of  magnetitic 
and  of  hematitic  iron,  as  well  as  important  beds  of  limonite,  the  latter 
being  epigenic  either  from  pyrites  or  from  carbonate  of  iron,  two  species 
which  by  themselves  form  considerable  masses.  This  terrane  further- 
more contains  roofing  slates,  as  well  as  lustrous  and  unctuous  schists, 
ordinarily  with  damourite,  sericite  or  pyrophyllite,  but  inclosing  some- 
times chlorite,  steatite,  and  amphibolic  rocks  with  serpentine  and  ophi- 
calcite.  There  are  also  found  among  these  schists,  which  are  found  at 
diverse  horizons  in  this  terrane,  beds  visibly  feldspathic,  with  others  of 
ill  defined  nature,  which  are  transformed  into  kaolin  by  aerial  decompo- 
sition. These  same  schists  also  yield  remarkable  crystals  of  rutile,  as 
well  as  tourmaline,  disthene,  staurolite,  garnet,  and  i>yroxene.  This 
terrane,  which  for  the  rest  appears  diamond-bearing,  was  described 
in  1859  by  Lieber  under  the  name  of  itacolumitic  group.  Eaton,  as 
far  back  as  1832,  had  placed  the  quartzites  and  limestones  forming 
the  lower  members  of  the  group  in  the  primitive  terrane;  while  the 
argillites,  found  toward  the  summit  of  the  same  group,  were  regarded 
as  constituting  the  lower  division  of  the  transition  terrane,  covered, 
according  to  him,  unconformably  by  the  fossiliferous  graywacke  (first 
graywacke)  which  formed  the  upper  division  of  the  same  transition  ter- 
rane. Emmons,  on  his  part,  in  1842,  comprised  in  what  he  called  the 
Taconic  system  all  this  crystalline  series,  as  well  as  the  graywacke; 
but  in  1844  he  separated  the  latter,  in  which  he  had  recognized  the  ex- 
istence of  a  trilobitic  fauna,  giving  it  the  name  of  Upper  Taconic.  Long- 
studies  have  convinced  the  author  that  this  upper  division  is  entirely  in- 
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dependent  of  the  Lower  Taconic,  with  which  this  fossiliferous  graywacke 
is  in  contact  only  in  relatively  restricted  regions,  while  in  other  locali- 
ties it  rests  directly  on  older  crystalline  terranes.  Seeing,  moreover, 
that  the  Lower  Taconic  is  found  alone  in  a  great  number  of  localities 
from  the  gulf  of  St.  Lawrence  to  Alabama  on  the  south  and  to  lake 
Superior  on  the  west,  and  recognizing  also  the  fact  that  the  Upper  Ta- 
conic really  forms  part  of  the  Cambrian  terrane  (as  for  that  matter  was 
recognized  by  Emmons  in  1860),  the  author  proposed  as  far  back  as 
1878  to  restrict  the  employment  of  the  term  Taconic  to  this  crystalline 
and  infra-Cambrian  series  which  forms  the  lower  Taconic?  of  Emmons 
and  the  itacolumitic  group  of  Lieber,  and  to  give  it  the  name  of  Tacon- 
ian  terrane. 

The  mineralogical  resemblances  existing  among  the  various  crystal- 
line terranes  mentioned  above  are  easy  to  recognize.  The  type  of  rocks 
with  orthose  base  that  appears  in  the  fundamental  granite  and  the 
Laurentian  gneisses  is  also  found  in  the  quartziferous  porphyries  of  the 
Arvonian  and  the  gneiss  of  the  Montalban,  and  less  distinctly  in  the 
feldspathic  rocks  of  the  Taconian.  The  nonmagnesian  micas,  rare  in 
the  fundamental  granite  and  the  Laurentian  gneisses,  are  found  abund- 
antly represented  in  the  gneisses  and  mica-schists  of  the  Montalban, 
as  well  as  in  the  lustrous  schists  found  in  the  Huronian  and  Taconian 
terranes,  and  even  predominate  in  the  latter.  It  is  still  to  be  remarked 
that  the  simple  silicates  of  alumina,  such  as  andalusite,  disthene,  fibrolite, 
and  pyrophyllite,  which  seem  foreign  to  the  oldest  terranes,  abound  in 
the  Montalban  and  also  appear  in  the  Taconian.  At  the  same  time  the 
crystalline  limestones,  the  oxides  of  iron,  and  the  calcareous  and  mag- 
nesian  silicates  are  found  represented,  in  each  terrane  beginning 
from  the  fundamental  granite.  The  chemical  and  mineralogical  differ- 
ences between  these  various  terranes  are  greater  than  the  resemblances, 
which  has  not  prevented  certain  observers  from  confounding  the  recent 
gneiss  with  the  old  gneiss.  In  fact,  the  resemblances  between  the 
Huronian  and  Taconian  terranes  have  led  the  late  Prof.  Kerr,  in  North 
Carolina,  to  refer  the  latter  terrane  to  the  Huronian  terrane.  In  the 
vicinityof  lakes  Superior  and  Huron,  too,  where  the  Laurentian,  Norian, 
Arvonian,  Montalban,  and  Taconian  terranes  are  found  all  at  once,  the 
outcrops  of  the  latter  have  been  confounded  with  those  of  the  Huronian 
terrane  by  Murray  and  other  observers.  In  1873,  however,  the  author, 
distinguishing  between  the  two,  gave  to  the  Taconian  terrane  in  this 
region  the  provisional  name  of  Animikie  series.  Only  later  did  he 
recognize  the  fact  that  this  series,  which  in  certain  localities  rests  un- 
conformably  on  the  Huronian  terrane,  is  only  the  Taconian.  Emmons, 
on  the  contrary,  who  knew  the  existence  in  this  region  of  what  he  called 
the  Lower  Taconic,  thought  that  the  terrane  to  which  in  1855  the  author 
had  given  the  name  Huronian  was  identical  with  this  same  Lower 
Taconic  or  Taconian.  The  differences  between  the  two  terranes  in  the 
basin  of  lake  Superior,  indicated  first  by  Logan  and  afterward  by  the 
Bull.  80- — 30 
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author,  appear  very  clearly  from  the  recent  studies  of  Roininger.  Ou  the 
various  crystalline  terranes,  including  the  Taconian,  there  rests  in  this 
region  unconformably  an  enormous  series  of  sandstones  and  conglom- 
erates, with  contemporary  plutonic  rocks,  the  whole  being  remarkable 
for  its  content  of  metallic  copper.  This  series,  which  had  been  alter- 
nately confounded  with  the  Huronian  and  Taconian  terranes  on  the  one 
hand  and  with  the  trilobitic  sandstones  of  the  Cambrian  on  the  other, 
was  for  the  first  time  separated  by  the  author  in  1873  under  the  name 
of  Keweenaw  group,  a  term  which  he  in  1876  converted  into  that  of 
Keweenian  terrane.  It  still  remains  to  be  determined  whether  this 
series,  on  which  these  same  trilobitic  sandstones  rest  unconformably, 
should  form  part  of  the  Cambrian  terrane  or  whether  it  should  form  a 
distinct  terrane  between  the  Taconian  and  the  Cambrian. 

Bell,20  in  1889,  characterizes  the  Huronian  as  the  great  metallifer- 
ous series  of  Canada.  While  rocks  of  igneous  origin  constitute  a 
marked  feature  in  the  Huronian  system,  a  large  proportion  of  it  is  made 
up  of  those  of  an  undoubted  sedimentary  character.  On  the  other 
hand,  it  is  questionable  if  the  great  bulk  of  the  Lauren  tian  rocks  can 
be  proved  to  have  been  deposited  from  water.  It  is  supposed  by  many 
that  the  foliation  of  much  of  the  gneiss  may  have  been  produced  by 
pressure  and  some  kind  of  flowing  movement  in  an  igneous  mass. 
Whatever  view  we  may  take  of  the  origin  of  the  common  Laurentian 
gneiss,  which  forms  the  surface  of  the  country  over  such  a  vast  extent 
of  the  Canadian  half  of  North  America,  the  commencement  of  the  Hu- 
ronian period  marks  a  great  change  which  then  came  over  the  earth — 
a  change  characterized  by  widespread  volcanic  outbursts  and  by  evi- 
dence of  the  existence  of  water  (perhaps  the  first)  on  the  surface  of  the 
globe,  and  of  certain  progress  in  the  building  up  of  the  aqueous  de- 
posits which  lias  been  going  on  ever  since. 

Bell,21  in  1890,  gives  a  general  account  of  the  Archean.  The  Azoic 
or  Archean  period  is  divided  into  the  Laurentian  and  Huronian  sys- 
tems, into  which  the  primitive  rocks  of  all  countries  may  be  classified, 
and  which  everywhere  are  essentially  the  same  and  retain  the  same 
relative  positions.  In  some  instances  newer  rocks  have  been  so  altered 
locally  or  over  considerable  tracts  as  to  resemble  the  Azoic,  but  there 
is  generally  found  some  means  of  distinguishing  between  them.  In 
Canada  and  the  United  States  the  Laurentian  and  Huronian  are  usually 
intimately  associated,  but  their  lithological  features  and  internal  char- 
acters are  sufficiently  distinct  to  sex>arate  them.  The  Huronian  rocks 
are  less  contorted  or  corrugated  on  the  small  scale  than  the  Lauren- 
tian, but  on  the  large  scale  they  partake  of  the  same  foldings  which 
have  affected  the  latter.  The  Huronian  rocks  seem  to  be  interwoven 
with  the  Laurentian  as  basins  or  troughs  more  or  less  elongated,  and 
as  tracts  of  angular  and  other  forms  filling  spaces  between  great  nuclei 
or  rounded  areas  of  Laurentian  rocks. 

The  Laurentian  system  is  divided  into  two  formations,  the  lower  of 
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which  is  sometimes  called  the  primitive  gneiss  series.  It  consists  essen- 
tially of  obscurely  foliated  or  stratiform  granitic  or  syenitic  gneiss. 
The  prevailing  colors  of  the  Lower  Laurentian  gneiss  are  grayish  and 
reddish.  In  some  districts  the  Laurentian  rocks  are  cut  by  dikes  of 
greenstone  or  trap.  In  the  Upper  Laurentian  are  placed  both  the  anor- 
thosite  rocks  and  the  limestone-bearing  series  of  eastern  Ontario.  The 
anorthosites,  which  are  considered  by  some  as  eruptives  and  others  as 
bedded  rocks  interlaminated  with  the  limestones,  may  be  in  part  of  both 
origins.  Anorthosites,  after  spreading  out  upon  the  surface  of  the  earth 
or  the  bottom  of  the  sea,  may  have  become  incorporated  in  a  conformable 
manner  with  the  contemporaneous  deposits,  while  others  may  have 
flowed  over  preexisting  rocks  which  were  not  disturbed.  Between  the 
Upper  and  Lower  Laurentian  there  may  be  a  general  want  of  conformity. 
The  Upper  Laurentian  contains  metallic  ores  and  very  numerous  min- 
erals, which  are  not  found  in  the  Lower  Laurentian.  The  gneisses  of 
the  Upper  and  Lower  Laurentian  often  have  a  close  resemblance.  As 
the  evidence  is  so  strongly  in  favor  of  the  aqueous  origin  of  a  part  of 
the  Upper  Laurentian  at  least,  this  lends  support  to  the  view  that  even 
the  primitive  gneisses  may  have  been  formed  by  the  action  of  water 
during  some  early  condition  of  the  earth,  of  which  we  can  form  but 
little  conception  judging  by  the  later  stages  of  its  history.  Eozoon  is 
regarded  as  a  myth,  and  the  limestones,  iron  ores,  graphite,  and  apa- 
tite are  not  considered  as  evidence  of  the  existence  of  animals  or  plants 
in  Laurentian  times.  The  limestones  may  be  chemical  sediments;  the 
graphite  and  apatite  occur  principally  as  vein  matter;  the  iron  ores 
occur  in  greater  masses  than  in  deposits  of  organic  origin,  and  their 
mode  of  occurrence  is  opposed  to  any  theory  of  this  kind.  The  Upper 
Laurentian  rocks  seem  to  be  much  more  limited  in  geographical  extent 
than  the  Lower  Laurentian. 

The  Huronian  system  in  Canada  has  a  great  thickness  and  variety 
of  strata,  for  the  most  part  crystalline,  but  in  a  less  degree  than  the 
Laurentian,  together  with  many  unstratified  igneous  masses.  Like  the 
Laurentian  it  is  Azoic,  or  devoid  of  any  trace  of  organic  life,  so  that  the 
distinction  between  the  two  systems  is  based  entirely  on  lithological 
grounds.  The  difference  in  this  respect  is  great,  and  is  easily  recognized 
by  those  who  have  paid  any  attention  to  geology.  The  prevailing  dark 
greei  l  and  gray  colors  of  the  Huronian  offer  a  marked  contrast  to  the  lighter 
grays  and  reddish  grays  of  the  Laurentian.  The  latter  are  massive  and 
coarsely  crystalline,  while  the  former  are  usually  fine  grained  and  schis- 
tose or  fissile,  this  cleavage  structure  constituting  a  striking  difference 
from  the  solid  Laurentian.  .There  are  some  exceptions  to  this  rule,  such 
as  the  light-colored  quartzites  and  the  granites  and  syenites  of  the 
Huronian,  to  be  noticed  further  on.  The  change  in  passing  from  one  to 
the  other  is  often  sudden  and  complete,  but  sometimes  beds  of  passage 
are  met  with.  The  Huronian  is  the  great  metalliferous  system  of  Can- 
ada.   Although  the  Huronian  strata  have  generally  been  thrown  into 
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sharp  folds,  or  stand  at  high,  angles,  they  are,  as  a  rule,  less  bent  about 
or  contorted  than  the  Laurentian.  The  total  volume  of  the  system  is 
very  great,  probably  not  tar  from  40,000  or  50,000  feet,  or  perhaps  even 
more. 

In  Canada,  as  far  as  our  investigations  have  gone,  the  two  systems 
appear  to  be  everywhere  conformable  to  each  other,  but  in  rocks  of 
such  ancient  date  and  which  have  undergone  such  profound  structural 
changes,  owing  to  pressure,  etc.,  affecting  alike  the  stratified  and 
unstratified  portions,  this  appearance  may  not  everywhere  indicate  a 
truly  conformable  sequence.  Both  sets  of  rocks  having  been  thrown 
by  lateral  pressure  into  sharp  folds,  standing*  at  high  angles  to  the 
horizon,  the  Huronian  often  appears  to  dip  under  the  older  Laurentian, 
but  this  is  merely  the  effect  of  overturning,  and  does  not  show  that  a 
part  of  the  Laurentian  is  newer  than  the  locally  underlying  Huronian. 
Notwithstanding  the  geographical  relations  of  the  two  sets  of  rocks, 
their  general  difference  in  character  and  composition  would  indicate 
that  some  great  change  in  terrestrial  conditions  had  occurred  when  the 
formation  of  the  one  system  ended  and  that  of  the  other  began.  In  the 
Laurentian  an  "acid"  or  siliceous  composition  prevails,  whereas  the 
Huronian  rocks  as  a  whole  are  more  basic,  chemically  speaking.  The 
latter  can  be  shown  to  be  very  largely  of  volcanic  origin,  although  this 
may  not  always  be  obvious  at  first  sight. 

The  term  Huronian  is  made  to  include  all  the  rocks  lying  between 
the  Laurentian  below  it  and  the  Cambrian  or  earliest  fossiliferous  rocks 
above.  Among  the  areas  placed  with  the  Huronian  are  the  Keewatin 
and  similar  rocks.  In  the  Huronian  are  numerous  areas  of  northern 
Canada,  and  perhaps  certain  of  the  rocks  of  Hastings  and  Lanark 
counties,  some  of  the  crystalline  rocks  of  the  Eastern  Townships  and 
the  provinces  of  New  Brunswick,  Nova  Scotia,  cape  Breton,  and  New- 
foundland. In  the  Cambrian  system  arc  placed  in  ascending  order 
the  Animikie,  Nipigon,  and  Potsdam  formations.  Between  the  Huro- 
nian and  Cambrian  is  a  great  unconformity.  Between  the  Animikie 
and  Nipigon  and  the  Nipigon  and  Potsdam  are  probable  unconformi- 
ties. 

Walcott,22  in  1890,  gives  a  full  account  of  the  Lower  Cambrian  or 
Olenellus  zone. 

The  base  of  the  Olenellus  zone  is  considered  to  be  where  the  genus 
Olenellus,  or  the  fauna  usually  accompanying  it,  first  appears;  beneath 
that  horizon  the  strata  are  referred  to  some  of  the  pre-Cambrian  groups 
of  rocks.  In  some  cases  the  underlying  rocks  are  in  layers,  conformably 
beneath  the  Cambrian,  and  no  physical  separation  of  the  two  groups  is 
possible.  In  other  instances  the  subjacent  rocks  are  the  remains  .of  the 
old  Archean  continent,  near  the  shores  of  which  much  of  the  life  of  this 
portion  of  the  Cambrian  period  existed. 

The  line  of  demarcation  between  the  Cambrian  and  pre-Cambrian  may 
be  considered  (1),  at  the  base  of  the  Olenellus  zone,  in  continuous  sec- 
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tions;  (2)  at  the  line  of  an  unconformable  contact  between  any  member 
of  the  Cambrian  group  and  the  subjacent  Algonkian  or  Arckean;  (3) 
at  the  line  of  unconformable  contact,  which  is  the  base  of  the  Olenellus 
zone. 

Placed  in  the  Algonkian  under  this  definition  are  11,000  feet  of 
quartzites,  conformably  below  the  Olenellus,  in  the  Wasatch;  10,000 
feet  of  argillites,  sandstones,  quartzites,  and  conglomerates,  conforma- 
bly beneath  the  Olenellus,  in  British  Columbia;  12,000  feet  of  sand- 
stones, shales,  and  limestones  uneonformably  beneath  the  lowest  known 
Cambrian,  in  the  Grand  canyon  of  Colorado;  a  similar  series  of  rocks 
uneonformably  beneath  the  Cambrian  in  Llano  county,  Texas;  aperies 
uneonformably  below  the  Upper  Cambrian  in  the  Adirondacks;  and 
the  locks  of  St.  Marys  and  Placentia  bay,  Newfoundland,  which  are 
uneonformably  below  Lower  Cambrian  strata.  In  the  Grand  canyon, 
in  a  bed  of  dark  argillaceous  shale,  3,550  feet  from  the  summit  of  the 
section,  was  found  a  small  Patelloid  or  Discinoid  shell,  a  fragment  of 
what  appears  to  be  the  pleural  lobe  of  a  segment  of  a  trilobite,  and  an 
obscure,  small  Hyolithes,  in  a  layer  of  bituminous  limestone.  In  layers 
of  limestone,  still  lower  in  the  section,  an  obscure  Stromatoporoid  form 
occurs  in  abundance.  These  fossils  indicate  a  fauna,  but  do  not  tell 
what  it  is. 

The  Olenellus  fauna  includes  Spongias,  Hydrozoa,  Aetinozoa,  Echi- 
nodermata,  Annelida,  Braehiopoda,  Lamellibranchiata,  Gasteropoda, 
Pteropoda,  Crustacea,  and  Trilobita.  The  abundance  of  the  Olenellus 
fauna  shows  that  the  life  in  the  pre-Olenellus  seas  was  large  and  varied. 
The  few  traces  known  of  it  prove  little  of  its  character,  but  they  prove 
that  life  existed  in  a  period  far  preceding  Lower  Cambrian  time,  and 
they  foster  the  hope  that  it  is  only  a  question  of  search  and  favorable 
conditions  to  discover  it. 

Dana,23  in  1892,  gives  the  following  as  the  philosophical  divisions  of 
pre-Cambrian  times,  although  the  early  physical  and  biological  condi- 
tions of  the  globe  are  not  within  the  range  of  observation : 

I.  The  Astral  a3on,  as  it  has  been  called,  or  that  of  liquidity. 
II.  The  Azoic  ason,  or  that  without  life. 

1.  The  Lithie  era,  commencing  with  completed  consolida- 
tion;, the  time  when  lateral  pressure  for  crust  disturbance 
and  mountain-making  was  initiated,  and  when  metamorphic 
work  began. 

2.  The  Oceanic  era,  commencing  with  the  ocean  in  its  place; 
oceanic  waves  and  currents  and  embryo  rivers  beginning 
their  work  about  emerged  and  emerging  lands,  and  the 
tides,  the  retarding  of  the  earth's  rotation. 

III.  The  Arclneozic  aion,  or  that  of  the  first  life. 

1.  The  era  of  the  first  Plants;  the  Algae  and  later  the  aqua- 
tic Fungi  (Bacteria);  commencing  possibly  with  the  mean 
surface  temperature  of  the  ocean  about  180°  F. 
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2.  The  era    of  the  first   Animal    life;   the   Protozoans,    and 
forms  related  to  the  embryos  of  higher  invertebrate  species, 
commencing  possibly  with  the  mean  surface  temperature  of 
the  waters  about  120°  F.,  and  ending-  with  00°  F.  or  below. 
While  these  divisions  mark  off  great  steps  in  the  progress  of  the  de- 
veloping earth,  the  rocks  bear  no  marks  of  them  that  can  be  distin- 
guished. 

The  Huronian  period  covered  probably  much  of  Archaeozoic  time, 
and  this  is  all  in  the  way  of  correlation  that  can  be  said.  It  is  well  to 
note  here  that  if  the  Eozoon  is  really  animal  in  origin,  the  "Laurentian" 
rocks  of  Canada  in  which  it  occurs  must  be  Huronian  or  the  later  of 
Archaean  terranes. 

SECTION  II.      GENERAL  DISCUSSION. 

NAMES   APPLIED   TO   PRE-CAMBRIAN  ROCKS. 

In  the  early  days  of  American  geology  the  name  Primary  or  Primi- 
tive was  more  widely  applied  to  the  ancient  rocks  than  any  other. 
Among  the  older  geologists  this  name,  including  under  it  in  a  general 
way  the  pre-fossiliferous  or  metamorphic  rocks7  was  used  by  Akerly, 
Alexander,  Booth,  Dewey,  Ducatel,  Eaton,  Emmons,  Hitchcock  (Ed- 
ward), Jackson,  Mather,  Mitchell,  Percival,  Sogers  (H.  D.),  Eogers  (W. 
B.),  Silliman,  Tuomey,  Vanuxem,  and  others.  It  was  nearly  universal 
in  1820  and  was  applied  as  late  as  in  the  forties. 

The  term  Primitive  in  the  United  States  was  gradually  superseded 
by  Azoic.  Used  by  Adams  as  early  as  in  1846,  in  the  literature  of  the 
fifties  and  sixties  it  very  widely  occurs,  and  has  not  yet  disappeared. 
Among  more  prominent  geologists  in  whose  writings  it  may  be  found 
are  Adams,  Cook,  Crosby,  Emmons  (E.),  Frazer,  Hitchcock  (C.  H.), 
Hitchcock  (E.),  Kerr,  Kogers,  (H.  D.),  Safford,  Whitney,  Wadsworth, 
and  others.  In  its  earlier  use  Azoic  was  often  made  to  cover  all  rocks 
which  were  apparently  destitute  of  life,  without  reference  to  whether 
they  are  older  than  the  fossiliferous  rocks  or  not.  It  was  thus  ap- 
plied by  Adams,  Emmons  (E.)  and  the  elder  Hitchcock.  With  Eogers 
the  Azoic  included  nonfossiliferous  rocks  which  are  younger  than  the 
Hypozoic  or  gneissic  series  proper.  Ordinarily,  however,  the  term  was 
used  to  cover  all  pre- Silurian  sedimentary  rocks,  the  Silurian  being 
then  regarded  as  the  base  of  the  fossiliferous  systems.  It  was  thus 
definitely  defined  by  Foster  and  Whitney  in  their  application  of  it  to 
the  lake  Superior  rocks  and  the  Azoic  was  held  by  them  to  be  struc- 
turally indivisible.  While  the  rocks  of  the  Primitive  and  Azoic  were 
early  subdivided  into  lithological  divisions  there  was  little  or  no  at- 
tempt to  apply  stratigraphical  methods  to  them;  Later  the  Azoic  was 
subdivided  by  certain  geologists  into  Laurentian,  Huronian,  etc. 

The  work  of  Logan  and  Murray  marks  in  America  the  beginning  of 
a  truly  structural  study  of  the  ancient  rocks.    They  found  in  different 
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places  iii  Canada  pre-Cambrain  rocks  which  they  mapped  in  detail. 
The  two  areas  in  which  this  work  was  begun  were  the  north  shore  of 
lake  Huron  and  the  Laurentide  mountains.  With  scientific  spirit  they 
applied  to  the  rocks  of  these  areas  no  terms  which  involved  any  theory 
of  origin  or  equivalence,  but  gave  the  rocks  the  names  of  the  localities, 
in  this  following  one  of  the  fundamental  principles  of  good  structural 
work.  Having  no  fossils  for  guides,  they  built  up  a  succession  on  the 
north  shore  of  lake  Huron  by  following  formations  in  continuous  ex- 
posure, by  lithological  likenesses  of  exposures  separated  by  short  in- 
tervals, by  a  like  order  of  formations  in  different  localities,  and  by  the 
use  of  an  unconformity,  which  was  held  to  occur  between  the  Huronian 
sediments  and  the  underlying  crystalline  rocks. 

In  Logan's  work  upon  the  Laurentian,  the  same  methods  were  used 
as  far  as  practicable,  but  on  account  of  the  complicated  structure  of  the 
region  his  success  was  here  much  less  conspicuous.  The  difficulty  of  the 
district  drove  Logan  to  take  the  one  characteristic  formation,  the  lime- 
stones as  horizons  to  follow  and  to  serve  as  planes  of  reference  in  work- 
ing out  the  structure.  But  even  this  guide  was  not  a  certain  one,  as 
Logan  never  became  quite  sure  as  to  the  number  of  limestones  present. 
As  the  study  of  the  Laurentides  continued  the  rocks  were  divided  into 
two  divisions,  a  Lower  Laurentian  free  from  limestone  and  an  Upper 
Laurentian  containing  the  limestones.  The  two  were  held  by  Veimor, 
and  by  Selwyn  for  a  time,  to  be  unconformable.  As  the  area  studied  in 
the  Laurentide  mountains  widened,  anew  formation  was  found,  a  lami- 
nated gabbro.  It  was  recognized  as  being  largely  composed  of  labra do- 
rite  or  anorthite  and  so  was  first  called  Anorthosite  or  Labradorian,  and 
afterwards  Norian.  The  contacts  of  this  formation  with  the  other 
formations  of  the  Laurentian  were  recognized  as  not  those  of  con- 
formity. In  these  early  days  it  was  naturally  supposed  that  all  lami- 
nated rocks,  whatever  their  character,  were  sedimentary,  and  as  in  cer- 
tain places  the  Labradorian  appeared  to  cut  across  or  overlap  the  old 
Laurentian  it  was  designated  as  Upper  Laurentian,  and  what  had  be- 
fore been  called  Upper  Laurentian  was  designated  Middle  Laurentian. 
When  the  eruptive  character  of  the  Labradorian  was  shown,  the  Cana- 
dian Survey  returned  to  the  first  uses  of  the  terms  Upper  Laurentian 
and  Lower  Laurentian. 

In  comparing  the  Huronian  and  Laurentian,  it  appears  that  the  prin- 
ciple used  in  reaching  the  conclusion  that  the  original  Upper  Lauren- 
tian, separated  by  a  great  distance  from  the  original  Huronian  and  no- 
where in  contact  with  it,  is  the  older,  was  the  metamorphic  character 
of  the  former  as  compared  with  the  latter  which  in  the  early  work  of 
Logan  and  Murray  was  called  a  non metamorphic  series.  The  lithologi- 
cal likeness  of  the  gneisses  and  granites  of  the  original  Lower  Lauren- 
tian to  the  granites  and  gneisses  called  Lower  Laurentian  un conforma- 
bly underlying  the  Huronian  doubtless  was  the  reason  for  placing 
these  as  equivalents. 
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Iii  the  later  work  of  Logan  and  Murray  the  names  Huronian  and 
Laurentian  were  applied  to  regions  far  distant  from  the  original  areas,  the 
guiding  principles  for  so  doing  being  wholly  lithological  likeness  and  de- 
gree of  metamorphism .  Workin  g  under  these  principles,  as  granites  and 
granite-gneisses  are  so  abundant  in  the  original  Laurentian,  and  are 
nearly  absent  in  the  original  Huronian,  it  became  customary  with  these 
authors  to  refer  to  granitoid  areas  as  Laurentian,  while  sedimentary 
series  containing  quartzites,  limestones,  or  dark,  fine  grained  schists 
were  referred  to  the  Huronian,  and  this  reference  was  frequently  made 
when  the  series  as  a  whole  was  very  much  more  crystalline  than  the 
original  Huronian.  The  only  exception  to  a  reference  of  all  pre-Cam- 
brian  rocks  to  the  Huronian  and  Laurentian  were  the  series  now  known 
as  Keweenawan  and  Animikie.  These  were  recognized  as  resting 
unconformably  upon  the  so-called  Huronian  of  lake  Superior,  while  the 
Keweenawan  was  seen  to  be  of  a  wholly  different  lithological  charac- 
ter from  the  lake  Huron  rocks.  These  series  were  called  the  Upper 
Copper-Bearing  series,  the  original  Huronian  often  being  called  the 
Lower  Copper-Bearing  series. 

We  find  these  two  geologists,  Logan  and  Murray,  starting  with 
scientific  principles,  laboriously  studying  year  after  year  the  detailed 
occurrences  of  the  rocks  in  the  midst  of  a  forest- covered  wilderness, 
until  their  inductions  built  up  the  original  Huronian  and  Laurentian 
series.  In  their  later  work  of  a  very  much  less  detailed  character  over 
vast  areas  the  terms  were  applied  somewhat  indiscriminately,  and  in 
such  a  way  as  to  imply  that  below  the  Upper  Copper-Bearing  rocks 
there  are  only  two  systems,  one  of  which  is  equivalent  to  the  original 
Huronian,  and  the  other  of  which  is  equivalent  to  the  original  Lauren- 
tian. 

These  terms,  Huronian  and  Laurentian,  were  gradually  adopted  by 
geologists  working  on  the  United  States  side  of  the  boundary,  so  that 
in  recent  years,  with  the  exception  of  Archean,  they  have  been  the 
most  widely  used  of  any  names  for  designating  the  ancient  rocks. 

If  Logan  and  Murray  departed  in  their  later  work  from  strict  scien- 
tific methods  in  their  use,  this  departure  was  as  nothing  compared  with 
the  extremes  to  which  later  geologists  of  America  have  gone.  By  many 
geologists,  coarse  grained  granites  and  granite-gneisses  were  designated 
as  Laurentian  without  reference  to  evidence  as  to  whether  they  were 
intrusive  rocks  of  far  later  age.  In  applying  the  term  Huronian  the 
methods  followed  were  even  worse.  Sometimes  authors  took  a  green 
color  to  be  a  characteristic  feature  of  the  Huronian  and  here  referred 
all  the  green  schists ;  others  took  a  laminated  structure  to  be  charac- 
teristic of  the  series  and  here  referred  all  the  laminated  rock,  including 
even  coarse  grained  laminated  gneisses;  others  took  the  volcanics 
associated  with  the  Huronian  to  be  its  characteristic  feature  and  so 
called  various  pre-Cambrian  volcanic  series  Huronian ;  others  regarded 
metalliferous  rocks  as  the  important  feature  of  the  Huronian. 
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Lying  at  the  root  of  all  this  work  is  the  assumption  that  rocks  of  a 
certain  kind  are  characteristic  of  a  definite  period  of  the  world's  his- 
tory, and  that  if  rocks  are  found  which  are  really  like  the  Huronian 
and  Laurentian  in  lithological  character  they  should  be  referred  respect- 
ively to  these  series. 

As  to  the  relations  between  the  Laurentian  and  Huronian,  it  was 
plainly  believed  by  Logan,  Murray,  and  the  other  early  geologists  that 
where  the  two  come  in  contact  they  are  unconformable,  although 
oftentimes  the  structural  relations  which  obtain  are  admittedly  ob- 
scure. That  was  the  position  of  the  present  director  of  the  Canadian 
survey  as  late  as  1879,  Avho  used  the  term  Huronian  not  only  to  include 
rocks  that  had  been  theretofore  placed,  but  to  cover  all  of  the  Upper 
Laurentian  and  the  Upper  Copper-Bearing  series,  thus  greatly  expand- 
ing the  system.  In  recent  years  he  has  held  that  the  Huronian  and 
Laurentian  are  always  conformable,  and  that  often  the  former  grades 
downward  into  the  latter,  and  this  is  the  position  which  has  been 
taken  by  many  geologists  of  the  United  States,  both  in  the  East  and  in 
the  West, 

The  lake  Superior  region  furnishes  a  rather  marked  exception,  as  do 
certain  others,  to  the  indiscriminate  and  unwarranted  use  of  the  term 
Huronian.  This  region  is  so  near  to  and  is  connected  in  such  a  way 
with  the  original  Huronian  of  lake  Huron  that  it  was  possible  to  make 
a  strong  case  of  probability  in  favor  of  the  equivalence  of  the  clastic 
rocks  of  the  two  regions.  The  lake  Superior  Huronian  was  divided 
into  formations  upon  the  same  principles  used  in  mapping  the  original 
Huronian.  While  the  term  Laurentian  was  applied  to  the  pre-Huro- 
nian  rocks  on  the  north  shore  of  lake  Huron  and  about  lake  Superior, 
it  was  recognized  by  a  number  of  geologists  that  this  was  a  variation 
from  its  application  in  the  original  Laurentian  area. 

As  geological  knowledge  increased  and  as  the  theories  involved  in 
the  terms  Primitive  and  Azoic  were  more  and  more  attacked,  in  order 
to  avoid  a  theory  of  origin,  the  term  Archean  was  proposed  for  the  an- 
cient rocks  by  Dana  in  1872.  This  term  rapidly  grew  in  favor.  By  its 
use  not  only  the  advantage  of  a  theory  of  origin  was  avoided,  but  in 
common  with  Primitive  and  Azoic  it  was  not  necessary  to  subdivide  the 
ancient  rocks  into  Laurentian  and  Huronian,  and  thus  imply  a  corre- 
lation with  the  rocks  of  other  regions.  In  the  early  rapid  work  of  the 
Far  West,  detailed  observations  usually  stopped  at  the  base  of  the  fos- 
siliferous  series,  and  it  was  convenient  to  regard  all  the  remaining 
rocks  as  a  unit,  and  to  cover  this  unit  the  term  Archean  was  adopted. 
After  a  more  detailed  study  of  certain  regions  the  terms  Laurentian  and 
Huronian  were  applied  to  subdivisions  of  the  Archean.  This  term 
Archean  also  found  early  favor  with  the  Canadian  survey  to  include 
these  two  divisions  of  pre-Cambrian  rocks'. 

Eozoic  was  another  term  suggested  to  replace  Azoic,  when  it  was 
thought  by  many  that  the  rocks  once  supposed  to  be  destitute  of  life 
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are  not  really  so.  This  was  used  to  a  considerable  extent  in  the  sixties 
and  seventies,  and  retains  a  place  in  literature  to  the  present  time. 
This  term  implies  a  theory  just  the  opposite  of  Azoic. 

As  already  said,  the  theory  involved  in  referring  all  pre-Cambrian 
rocks  to  the  Laurentian  and  Huronian  is  that  there  was  in  pre-Cam- 
brian  time  an  invariable  succession.  This  theory  was  carried  to  the 
extreme  by  Hunt  and  his  school,  who  held  that  before  Cambrian  time 
there  are  six  rock  systems,  which  are  universal  and  are  separated  by 
unconformities.  These  are,  from  the  base  upward:  Laurentian,  Norian, 
Arvonian,  Huronian,  Montalban ,  Taconian.  Of  these  terms  Norian  was 
devised  to  include  the  laminated  gabbros,  the  so-called  Upper  Lauren- 
tian of  Logan.  Arvonian  was  imported  from  Wales,  where  it  was  ap- 
plied by  Hicks  to  a  series  of  acid  volcanics.  Montalban  came  from  the 
White  mountain  region  in  New  Hampshire,  where  a  series  of  gneisses 
was  thought  to  be  of  different  lithological  character  from  the  Lauren- 
tian and  Huronian  and  to  overlie  them.  Taconian  was  introduced  by 
Ebenezer  Emmons  to  cover  a  series  of  fossiliferous  rocks  which  was 
supposed  to  be  earlier  than  the  base  of  the  Silurian. 

Besides  the  terms  given,  others  have  been  used  to  some  extent,  but 
they  are  of  little  importance.  Among  these  may  be  mentioned  Hypo- 
zoic,  Prozoic,  and  Pyrocrystalline. 

As  the  metamorphic  theory  gained  force  it  became  the  habit  of  many 
geologists  to  refer  to  old  crystalline  or  semicrystalline  rocks  as  metamor- 
phic, assuming  that  they  are  all  produced  by  the  alteration  of  sediments 
of  some  kind.  This  went  so  far  as  to  include  perfectly  massive  rocks, 
such  as  diabases,  gabbros,  granites,  etc.,  among  the  metainorphics. 
Eecently  the  term  has  also  been  applied  to  rocks  recognized  as  lami- 
nated eruptives,  but  this  is  not  the  use  referred  to.  This  term  meta- 
morphic had  the  advantage  of  saying  nothing  as  to  age  or  correlation, 
but  in  escaping  this  difficulty  another  theory  was  accepted  which,  so 
far  as  its  assumption  is  concerned,  was  quite  as  bad. 

In  many  cases  local  names  have  been  applied  to  formations  or  series 
in  order  to  avoid  any  theory  of  age  or  correlation.  The  most  conspicu- 
ous example  of  this  kind  is  that  of  the  Keweenaw  series  of  lake  Superior. 
More  recently  Lawson  has  proposed  the  terms  Keewatin  and  Coutchi- 
ching  for  certain  series  northwest  of  lake  Superior,  and  to  include  these 
two  he  proposes  the  Ontarian  system.  In  the  Grand  canyon  the  local 
names  Chuar,  Grand  canyon,  and  Vishnu  have  been  applied  to  pre- 
Cambrian  series  which  there  occur.  Comstoek  has  proposed  the  terms 
Burnetian,  Fernandian,  and  Texian  for  series  which  are  found  in  Texas. 

This  tendency  to  return  to  the  use  of  local  names  in  recent  years  is. 
plainly  a  reversion  to  scientific  methods  which  were  never  departed 
from  by  certain  geologists.  This  class  has  declined  to  use  any  term  for 
the  ancient  rocks  which  involves  a  theory  of  origin  or  succession,  but 
have  divided  the  rocks  which  they  found  in  their  respective  districts 
into  lithological  divisions  or  into  local  formations.  Conspicuous  among 
early  geologists  of  this  class  are  Jukes,  Percival,  and  Lieber. 
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Recently  Irving  has  proposed  that  there  he  placed  below  the  Paleo- 
zoic group  another  group  of  coordinate  value,  for  which  the  term  Ag- 
notozoic  or  Eparchean  is  suggested.  This  term  cuts  out  of  the  Archean 
a  large  class  of  rocks  which  have  before  been  here  included.  Finally, 
the  name  Algonkian  has  been  brought  forward  by  the  United  States 
Geological  Survey  for  a  systematic  place  opposite  Agnotozoic  or  Epar- 
chean. 

In  the  following  discussion,  as  stated  in  the  introduction,  Cambrian 
is  defined  as  extending  downward  to  the  base  of  the  Olenellus  fauna. 
The  pre-Olenellus  elastics  and  their  equivalent  crystallines  are  called 
Algonkian,  and  the  completely  crystalline  rocks  below  the  Algonkian 
are  denominated  Archean.  The  reasons  for  these  usages  will  appear 
in  the  following  pages;  The  stratigraphieal  te^ms,  group,  system,  and 
series  correspond  with  the -usage  proposed  by  the  International  Geo- 
logical Congress.  The  same  is  true  of  the  chronological  divisions,  era 
and  period.     Formation  is  a  lithological  subdivision  of  a  series. 

THE  CHARACTER  OE  THE  ARCHEAN. 

From  the  review  of  the  literature  it  is  plain  that  there  is  an  essential 
unity  in  the  character  of  the  complex  of  rocks  which  is  the  oldest  known 
in  America.  This  statement  covers  all  the  areas  in  which  the  rocks 
are  demonstrated  to  be  exceedingly  ancient.  It  includes  the  basal 
complex  of  Arizona,  between  which  and  the  Tonto  sandstone  is  a  clastic 
system  15,000  feet  thick,  separated  into  three  series  by  unconformities, 
and  these  again  separated  from  the  Tonto  above  and  the  basal  complex 
below  by  great  unconformities;  it  includes  the  basal  complex  of  the 
Wasatch  and  certain  of  the  ranges  of  Nevada,  between  which  and  the 
Olenellus  Cambrian  is  a  great  unconformity  and  a  thick  series  of  quartz- 
ites;  it  includes  the  basal  complex  of  southwestern  Montana,  between 
which  and  the  Olenellus  Cambrian  is  12,000  feet  of  unaltered  slates  and 
a  thick  series  of  crystalline  rocks  of  clastic  origin,  the  two  being  prob- 
ably separated  by  a  great  unconformity;  it  includes  the  basal  complex 
of  Texas,  between  which  and  the  Cambrian  is  an  unconformity,  at  least 
one  and  perhaps  two  thick  series  of  clastic  rocks;  it  includes  the  basal 
complex  of  the  lake  Superior  region,  between  which  and  the  Cambrian  is 
an  enormous  system  of  elastics  many  thousands  of  feet  thick,  separated 
by  unconformities  into  three  series,  and  the  whole  bounded  above  and 
below  by  unconformities ;  it  includes  the  basal  complex  of  the  north 
shore  of  lake  Huron,  between  which  and  the  Cambrian  is  a  clastic  series 
18,000  feet  thick,  bounded  above  and  below  by  unconformities;  it  in- 
cludes the  basal  complex  of  the  original  Laurentian  area,  between  which 
and  the  Cambrian  is  a  clastic  series  estimated  to  be  many  thousands  of 
feet  thick;  it  includes  the  basal  complex  of  Hudson  bay,  between  which 
and  the  Cambrian  are  almost  certainly  two,  and  perhaps  three  series 
of  elastics  separated  by  unconformities ;  it  probably  includes  the  basal 
complex  of  Newfoundland,  between  which  and  the  Olenellus  Cambrian 
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is  a  series  of  elastics  12,000  feet  thick,  and  above  this  a  great  uncon- 
formity ;  it  includes  much  of  the  great  area  of  northern  Canada  known 
as  Laurentian,  between  which  and  the  Cambrian  in  various  districts  are 
clastic  series. 

In  all  of  these  regions  in  which  the  basal  complex  is  vastly  older 
than  the  Cambrian,  it  consists  of  a  most  intricate  mixture  of  nearly 
massive  rocks,  among  which  granite  and  granite-gneiss  are  predominant;  , 
of  gneissic  and  schistose  rocks,  all  of  which  are  completely  crystalline, 
and  so  folded  and  contorted  that  nowhere  has  any  certain  structure 
ever  been  made  out  over  considerable  areas.  The  granites  and  basic 
eruptives  may  occupy  considerable  areas;  the  gneisses  maybe  regu- 
larly laminated  and  grade  into  the  granites;  the  crystalline  schists  may 
occupy  the  outer  zones  of  an  area ;  they  may  all  be  confusedly  inter- 
mingled, schists,  gneisses,  and  granites  alternately  predominating! 
sometimes  the  schistose  rocks  appear  in  dike-like  forms  in  the  granites; 
at  other  times  the  massives  are  in  dike-like  forms  in  the  schists;  at 
still  other  times  the  alternations  of  granite,  gneiss,  and  schists  are 
quite  uniform  and  persistent  for  considerable  areas.  The  granites 
usually  show  a  rough  lamination,  which  may  not  appear  in  hand  speci- 
mens, but  which  is  evident  in  large  masses. 

The  minerals  in  the  rocks  generally  show  evidence  of  dynamic  action ; 
they  do  not  have  the  clear  cut,  definite  relations  characteristic  of  the 
later  plu tonic  rocks.  In  the  chief  mineral  constituents  of  the  rocks 
there  is  essential  uniformity  in  all  of  the  areas,  although  certain  less 
common  minerals  may  be  found  in  one  area  which  have  not  been 
discovered  in  another.  Orthoclase  and  acid  plagioclase  feldspar, 
quartz,  hornblende,  muscovite,  and  biotite  are  the  standard  minerals. 
To  describe  accurately  the  appearance  of  the  rocks  of  the  basal  com- 
plex is  exceedingly  difficult,  but  any  one  who  examines  a  series  of 
specimens  from  the  various  areas  will  perceive  the  truth  of  the  state- 
ment made  as  to  the  essential  likeness  of  the  rocks  from  different 
regions.  A  suite  from  any  one  of  the  regions  which  has  been  person-  { 
ally  examined  by  me,  if  unlabeled,  could  by  no  possibility  be  asserted  x 
not  to  come  from  any  other. 

The  unparalleled  intricacy  of  the  structure  of  this  complex,  the  gen- 
eral laminated  arrangement  of  its  parts,  and  the  broken  and  distorted 
forms  of  the  constituent  minerals  are  evidence  of  repeated  dynamic 
movements  of  the  most  powerful  character.  Further,  the  basal  com 
plex  is  not  only  recognized  by  its  positive  but  by  its  negative  charac- 
ters. Nowhere  in  it  is  a  persistent  thick  formation  of  quartz-schist 
(although  vein-quartz  is  abundant),  of  limestone  or  marble,  of  a  graph- 
itic schist,  or  of  a  conglomerate.  If  sandstones  and  limestones  or  other 
sedimentary  materials  have  been  a  part  of  this  system  the  profound 
and  varied  mutations  through  vast  lapses  of  time  have  wholly  obliter- 
ated all  evidence  of  their  presence. 

Besides  the  areas  mentioned  in  which  these  most  ancient  rocks  occur, 
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there  are  many  other  areas  in  which  there  are  between  the  Cambrian 
and  the  basal  complex  great  series  of  clastic  rocks,  although  the  evi- 
dence at  hand  in  favor  of  vast  age  for  the  basement  complex  is  less  than 
in  cases  before  cited.  Here  are  included  the  Front  range  of  Colorado, 
which  has  between  the  basal  complex  and  the  fossiliferous  rocks  on  its 
eastern  slope  the  clastic  series  of  Boulder,  Coal,  and  Thompson  creeks; 
and  the  Quartzite  mountains  of  Colorado,  where  between  the  basal  com- 
plex and  the  Carboniferous  is  a  great  series  of  quartzites.  There  is 
definite  structural  evidence  for  placing  these  and  other  areas  with  the 
group  first  considered.  In  a  third  class  of  areas  no  definite  evidence  in 
the  nature  of  intervening  series  shows  that  between  the  Cambrian  and 
the  basal  complex  has  intervened  an  era  or  even  a  period. 

Because  of  the  unique  lithological  character  of  this  fundamental  com- 
plex in  all  these  regions,  and  because  of  the  essential  likeness  in  struc- 
ture prevailing,  we  have  ground  for  grouping  these  rocks  together, 
whether  exactly  of  the  same  age  or  not.  Lithological  arguments  for 
correlation  may  be  well  distrusted ;  but  the  exceedingly  strange,  varied, 
and  complex  lithological  and  structural  characters  of  this  system,  the 
like  of  which  we  have  no  evidence  has  been  duplicated  anywhere  in  later 
times,  is  an  argument  of  great  weight.  In  the  complexity  of  its  parts 
and  the  implications  of  its  structure  it  gives  evidence  of  vast  antiquity. 

In  Algonkian,  Cambrian,  Silurian,  Devonian,  and  even  later  times, 
completely  crystalline  schists  have  been  produced  over  large  areas; 
but,  while  often  in  these  systems  no  evidence  now  remains  of  clastic 
characters,  they  rarely  if  ever  closely  resemble  this  fundamental  com- 
plex. A  clastic  series  was  in  the  beginning  of  its  history  of  necessity 
a  shale,  a  sandstone,  a  limestone,  a  chert,  or  some  other  form  of  sedi- 
ment and  often  containing  carbonaceous  material.  Cementation,  meta- 
somatism, dynamic  action  may  have  profoundly  changed  any  of  these 
deposits.  A  limestone  may  have  been  transformed  into  a  crystalline 
marble,  or  if  impure  into  a  hornblende  schist  containing  scarcely  a  rem- 
nant of  original  carbonate.  A  cherty  carbonate  of  iron  may  have  become 
an  actiHolite-niagnetite-schist.  Carbonaceous  shaly  material  may  have 
become  a  graphite- schist,  but  if  such  a  rock  is  represented  in  the  funda- 
mental complex  what  has  become  of  the  carbon?  A  sandstone  may 
have  become  a  granular  quartzite  or  a  foliated  micaceous  quartz- schist. 
But  that  a  great  quartzite  formation  like  those  of  the  Huronian  of  lake 
Superior  or  the  pre-Olenellus  of  the  Wasatch  can  have  become  wholly 
obliterated  by  any  process  short  of  fusion  is  almost  inconceivable.  As 
has  been  said,  none  of  these  rocks  are  found  in  this  fundamental 
complex  throughout  its  whole  vast  area.  In  its  positive  as  well  as 
its  negative  qualities  it  is  a  unit.  While  it  can  not  be  considered 
demonstrated  that  all  of  its  area  are  of  the  same  age,  it  may  then  be 
accepted  that  in  North  America  is  a  system  of  granites,  gneisses,  and 
crystalline  schists  which  are  the  oldest  rocks  of  North  America,  and 
which  have  representatives  in  many  areas  throughout  the  United  States, 
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although  most  widespread  and  abundant  in  Canada.  That  such  a  basal 
system  exists  is  no  new  idea;  but  it  has  not  generally  been  recognized 
that  between  it  and  the  Cambrian  there  elapsed  an  era  in  which  were 
alternating  cycles  of  the  deposition  of  systems  of  rocks  and  of  vast  ero- 
sion intervals. 

As  here  used  the  term  Archean  is  restricted  to  this  fundamental  com- 
plex. It  is  no  longer  possible  to  regard  as  a  unit  or  treat  together  all 
the  pre-Cambrian  rocks.  The  rocks  included  in  the  fundamental  com 
plex  are  everywhere  called  Azoic  or  Archean.  The  crystallines  and 
semicrystallines  above  this  complex,  often  called  Archean,  must  be  dis- 
tributed from  the  Devonian  or  later  to  the  pre-Cambrian.  It  is  clear 
that  if  Archean  is  to  remain  a  serviceable  term  it  must  be  restricted  to 
some  unit.  Such  a  unit  is  the  fundamental  complex,  and  to  it  this  term 
is  most  appropriate. 

ORIGIN   OP   THE   ARCHEAN. 

As  has  been  shown,  whatever  the  origin  of  the  Archean,  it  is  of  vast 
age.  It  will  be  remembered  that  south  of  the  lake  Superior  region, 
where  is  known  the  greatest  volume  of  pre-Cambrian  elastics,  there  is 
abundant  evidence  showing  that  the  lowest  of  the  clastic  series  has 
derived  its  debris  from  and  rests  upon  the  foliated  edges  of  the  Archean. 
In  the  Arizona  region,  in  which  the  time  of  the  pre-Cambrian  elastics 
is  only  inferior  to  that  of  the  lake  Superior  region,  the  evidence  of  a 
great  hiatus  below  these  elastics  is  of  the  most  decisive  character. 
The  same  may  be  said  of  several  of  the  other  areas  of  Archean.  Conse- 
quently in  many  regions  the  Archean  complex,  in  essentially  its  present 
condition,  maybe  asserted  upon  definite  structural  evidence,  to  be  vastly 
older  than  the  Cambrian. 

As  to  the  origin  of  the  Archean  rocks,  three  different  views  are 
prominent:  (1)  The  Archean  has  been  considered  as  metamorphosed 
detrital  rocks;  (2)  it  has  been  considered  as  igneous,  but  later  in  origin 
than  certain  of  the  x>re- Cambrian  elastics  with  which  it  is  in  contact: 
(3)  it  has  been  considered  as  igneous  and  representing  a  part  of  the 
original  crust  of  the  earth,  and  therefore  earlier  than  any  sedimentarie^ 
A  modification  of  this  theory  is  suggested  under  the  topic  Delimitation 
of  the  Archean. 

(1)  Those  who  believe  in  the  detrital  origin  of  the  Archean,  as  above ( 
defined,  will  not  question  the  conclusion  reached  as  to  the  age  of  the 
fundamental  complex ;  for  to  produce  results  so  different  from  any 
known  metaniorphic  clastic  series  must  not  only  imply  great  age,  but 
probably  sediments  which  were  originally  deposited  under  different  con- 
ditions from  those  of  later  times.  This  school,  while  believing  in  the 
detrital  origin  of  the  Archean  as  a  whole,  is  conscious  that  it  has 
been  cut  again  and  again  by  eruptives  of  all  kinds;  that  the  supposed 
elastics  have  thereby  been  profoundly  metamorphosed  by  contact  and 
dynamic  action,  and  often  have  been  so  changed  that  the  place  can  not 
bej)ointed  out  where  the  intrusives  end  and  the  elastics  begin, 
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If  this  sedimentary  view  of  the  origin  of  the  Archean  be  correct,  as  no 
universal  break  in  geological  continuity  can  be  accepted,  it  should  be 
found  that  between  the  Archean  and  the  elastics  there  are  somewhere 
gradations.  It  has  been  seen  in  the  summary  of  the  literature  that 
Hitchcock,  Marvine,  Stevenson,  King,  Winch  ell,  and  others,  accepting 
such  a  sedimentary  origin,  believe  gradations  have  been  found  in  the 
Rocky  mountain  system,  in  the  lake  Superior  region,  and  in  the  Appa- 
lachians, between  the  basal  complex  and  the  recognizable  elastics. 
These  authors  have  regarded  the  fact  that  as  a  whole  these  rocks  show 
lamination  as  evidence  that  they  were  originally  sedimentary.  A  few 
years  ago  it  was  a  matter  of  course  that  distinct  lamination  in  a  rock, 
however  faint,  is  evidence  of  sedimentation.  Lamination  being  found 
in  the  granite-gneisses,  combined  with  the  fact  that  these-  rocks  graded 
into  the  elastics,  was  taken  as  conclusive  evidence  of  the  original  sedi- 
mentary origin  of  the  whole. 

It  is  now  everywhere  recognized,  as  early  shown  by  E.  Emmons  and 
Lieber,  that  schistose  structure  is  often  produced  in  eruptive  rocks; 
also  like  structures  are  produced  in  sedimentary  rocks  which  have  no 
relation  to  the  original  lamination,  as  early^  noted  by  Tyson,  E.  Em- 
mons, Blake,  Adams,  E.  Hitchcock,  Jackson,  Jukes,  Eogers,  and 
Lieber.  E.  Hitchcock,  E.  Emmons,  and  Lieber  traced  the  actual  grada- 
tions between  schist-conglomerates  and  crystalline  schists,  while  Mather 
traced  the  blue  fossiliferous  limestones  into  completely  crystalline  gran- 
ular marbles.  Laminated  or  schistose  structure  in  crystalline  schists 
then  bears  neither  for  not  against  a  clastic  origin. 

The  manner  in  which  the  finely  laminated  schists  and  gneisses  vary 
into  the  coarsely  granitoid  phases  has  been  admirably  described  by 
Jukes  in  the  rocks  of  Newfoundland,  by  Lieber  and  E.  Emmons  in  the 
locks  of  the  southern  Appalachians,  by  Hitchcock  in  the  rocks  of 
Massachusetts  and  Vermont,  by  Marvine  and  Stevenson  in  the  rocks 
of  Colorado,  by  King,  Hague,  and  S.  F.  Emmons  in  the  rocks  of  the 
fortieth  parallel,  and  by  Lawson  in  the  rocks  about  lake  Superior. 
Most  of  these  writers  and  many  others,  including  Selwyn,  approach- 
ing the  problem  from  the  side  of  the  clastic  rocks,  have  regarded  the 
coarsely  crystallized  rocks  as  produced  by  metaniorpkism,  although 
in  the  more  granular  rocks  the  process  has  gone  so  far  as  to  produce 
aqueo-igneous  fusion.  Those  who  have  maintained  this  origin  for 
these  rocks  have  recognized  the  fact  that  they  have  locally  acted  as 
eruptives,  although  in  general  the  material  is  thought  not  to  have  moved 
far.  Marvine  so  clearly  saw  that  the  facts  could  be  explained  in  two 
ways  that  he  says  that,  while  he  regards  the  whole  as  metamorphosed 
sedimentary  rocks,  another  observer  approaching  the  field  from  a  dif- 
ferent direction,  where  the  evidences  of  intrusive  nature  are  most  mani- 
fest, would  reach  the  conclusion  that  the  whole  is  eruptive.  Hitchcock 
and  Stevenson  and  most  of  the  others  are  in  practically  the  same  posi- 
tion. 
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The  school  of  geologists  that  regards  massive  rocks  as  metamorphic 
without  any  intervening  time  of  fluidity,  the  granitic  and  gneissic  lay- 
ers interlaminated  with  the  schistose  being  selectively  metamorphosed, 
and  the  fragments  of  schist  and  gneiss  within  the  massive  rocks  as 
residual  unmetamorphosed  material,  while  nearly  gone,  still  has  repre- 
sentatives. That  the  matrix  of  a  fragmental  rock  could  become  slowly 
heated  to  such  a  temperature  or  be  subject  to  such  other  conditions  as 
are  necessary  in  order  that  it  should  crystallize  as  a  coarsely  granular 
granitoid  gneiss  or  granite,  and  not  at  the  same  time  destroy  the 
bowlders  and  pebbles  which  it  contains,  seems  incredible.  The  explana- 
tion of  these  rocks  and  of  the  interlaminations  of  granite  with  slate 
and  schist  by  metamorphism  implies  not  only  that  the  fragments  and 
the  bands  of  slate  and  schist  have  been  able  to  resist  the  forces  of 
change  during  the  slow  processes  which  have  been  sufficient  to  produce 
coarsely  crystalline  material  adjacent,  but  that  in  situ  they  have  con- 
tinued to  resist  these  forces  during  all  the  time  required  by  the  matrices 
to  pass  once  more  into  ordinary  conditions.  The  processes  embodied 
in  such  "  selective  metamorphism  "  certainly  need  explanation. 

The  need  of  an  exact  definition  of  metamorphism  is  evident.  It 
appears  to  the  writer  that  it  should  not  be  applied  to  a  rock  which  has 
actually  suffered  igneous  fusion.  Shall  it  apply  to  sedimentary  mate- 
rial which  has  been  free  to  recrystallize  under  aqueo-igneous  fusion? 
May  not  rocks  under  pressure  beyond  the  crushing  strength  of  rocks 
and  saturated  with  hot  water  recrystallize  at  a  much  lower  temperature 
than  is  required  for  ordinary  fusion  ?  If  so,  where  is  the  boundary 
between  aqueo-igneous  and  ordinary  fusion  ?  Is  there  not  a  transition 
between  the  two  and  does  not  aqueo-igneous  fusion  pass  by  impercepti- 
ble steps  into  ordinary  metamorphism!  Is  there  not  here  a  transition 
between  the  extremes  just  as  there  is  between  different  rock  species,  be- 
tween basic  and  acidic  rocks,  between  organic  and  inorganic  sediments, 
between  fragmental  and  crystalline  rocks,  between  aqueous  and  sur- 
face igneous  rocks. 

(2)  All  or  a  part  of  the  Archean  is  considered  as  of  igneous  origin, 
but  later  in  age  than  the  pre  -Cambrian  elastics.  The  facts  of  those  who 
have  described  downward  gradations  from  unmistakable  elastics  into 
a  crystalline  complex  by  this  school  have  not  been  interpreted  as 
above.  It  has  declined  to  apply  the  term  metamorphism  to  a  product 
which  has  become  fluent,  and  has  insisted  upon  its  essentially  igneous 
character.  Lawson  is  conspicuous  as  having  recently  strongly  put  this 
side  of  the  case;  but  it  is  noteworthy  that  Winchell,  belonging  to  the 
first  school,  and  Lawson,  to  the  second,  have  had  essentially  the  same 
facts  before  them,  both  having  done  their  work  in  the  same  region.  The 
difference  is  one  of  definition  and  emphasis  rather  than  ideas.  Both 
schools  regard  the  granite-gneiss  as  material  which  has  resulted  from 
a  change  in  the  condition  of  original  sediments  and  has  not  moved  far. 

This  theory  that  the  Archean  or  a  part  of  it  is  the  liquefied  floor  of 
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the  clastic  rocks  has  the  objection  that  it  is  an  unverified  hypothesis. 
When  once  a  sedimentary  rock  has  become  fluent  and  is  wholly  flee  to 
crystallize  anew  how  shall  the  material  be  identified?  To  state  that 
such  material  has  not  moved  far  is  pure  assumption.  If  the  fusion 
theory  is  true  the  average  composition  of  the  unfused  part  of  the  clas- 
tic series  and  the  subjacent  material  should  agree.  To  obtain  average 
analyses  of  rocks  which,  vary  widely  in  mineral  character  within  short 
distances  is  not  easy,  but  is  a  thing  which  must  apparently  be  attempted 
if  this  theory  is  to  be  maintained,  for  the  writer  sees  no  other  way  in 
which  an  attempt  can  be  made  to  verify  the  hypothesis. 

Another  class  of  geologists,  noting  these  contact  relations  between 
the  granitic  rocks  and  the  elastics,  hold  that  the  former,  called  by  others 
Lower  Laurentian  or  Archean,  are  eruptives  of  later  age  than  the 
elastics  with  which  they  are  in  contact,  without  attempting  to  give  any 
theory  as  to  the  source  of  the  material.  Here  are  included  Hawes, 
Hall,  Mather,  Foster,  Whitney,  W^adsworth,  Rominger,  Herrick,  and 
others.  Eominger  distinctly  recognized  the  granites  and  granite- 
gneisses  of  this  kind  on  the  south  shore  of  lake  Superior  as  the  subjacent 
rocks  upon  which  the  schists  rest.  Herrick  saw  the  same  relations  with 
reference  to  his  granitic  and  schistose  groups  on  the  north  shore.  In  the 
last  two  cases  the  facts  before  the  writers  are  precisely  the  same  as  those 
of  the  geologists  of  the  second  school ;  but,  by  giving  no  explanation  of 
the  source  of  the  material  for  the  granite  gneisses,  they  have  esoaped 
the  difficulty  of  the  unverified  assumption  that  these  eruptives  repre- 
sent fused  sediments.  They  fail  to  explain  what  has  become  of  the 
floor  upon  which  the  elastics  are  deposited.  Some  floor  they  must  have 
had.  Where  these  eruptive  contacts  are  found  the  floor  has  disa£>- 
peared,  and  if  so  the  eruptives,  if  extraneous,  must  be  considered  to 
have  eaten  up  or  absorbed  it. 

The  three  positions,  that  the  granite-gneiss  is  selectively  metamor- 
phosed material,  is  due  to  subcrustal  fusion,  or  is  an  extraneous  intru- 
sive, may  be  considered  to  grade  into  each  other.  Those  who  insist  on 
the  first  have  selective  metamorphism  and  contact  phenomena  to  ex- 
plain. Those  who  insist  on  subcrustal  fusion  may  be  called  upon  to 
identify  their  material.  They  can  only  show  the  former  fused  condi- 
tion by  contact  phenomena,  and  contact  phenomena  are  not  evidence 
of  progressive  fusion,  but  intrusion.  Those  who  regard  the  granite- 
gneiss  as  intrusives  may  be  asked  what  has  become  of  the  floor  upon 
which  the  elastics  were  deposited. 

(3)  That  the  Archean  is  an  igneous  system  earlier  than  any  of  the  sedi- 
inentaries  is  apparently  the  conclusion  of  Emmons,  Lieber,  and  others. 
These  careful  observers  not  only  maintained  the  igneous  origin  of  the 
granite-gneiss  of  the  southern  Apx>alachians,  but  traced  the  gradations 
between  basic  schistose  rocks  and  massive  eruptives,  including  horn- 
blende schist  and  unmistakable  dikes,  and  drew  the  correct  conclusion, 
lately  regarded  as  a  new  discovery,  that  such  rocks  are  sometimes 
Bull.  8(5 31 
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metamorphosed  eruptives.  While  the  major  portion  of  granite- gneiss 
and  associated  rocks  were  considered  older  than  the  oldest  elastics,  later 
intrusives  of  a  similar  character  were  recognized.  This  theory  that 
the  fundamental  complex  is  igneous  is  that  of  Geikie  as  to  the  major 
part  of  the  Archean  of  Great  Britain  and  that  of  many  German  geolo- 
gists as  to  the  basal  complex  of  Germany,  among  whom  Lehmann  and 
Roth  are  conspicuous.  In  deed,  these  1  ast  two  ma  intain  the  igneous  origin 
of  all  the  pre- Cambrian  rocks,  and  Geikie  says  of  the  true  Archean  of 
Great  Britain  that  with  certain  possible  exceptions  it  not  only  contains 
no  material  which  gives  any  evidence  of  ever  having  been  sedimentary 
material  of  any  kind,  but  it  farther  contains  no  material  which  can  be 
considered  a  surface  volcanic,  while  in  it  there  are  many  rocks  which 
are  certainly  plutonic  eruptives. 

The  geologists  of  this  third  school,  with  the  second  school,  recognize 
the  igneous  character  of  the  granite- gneisses  having  irruptive  contacts 
with  the  clastic  series,  but  they  decline  to  recognize  these  rocks  as 
Archean.  Such  rocks  are  eruptives.  Their  age  is  to  be  designated 
precisely  as  are  eruptive  rocks  which  cut  Cambrian ,  Silurian,  or  De- 
vonian strata. 

As  bearing  in  favor  of  the  really  igneous  character  of  the  Archean  is 
the  fact  that  no  case  has  been  demonstrated,  except  possibly  that  of 
the  marbles,  of  the  production  of  a  perfectly  massive  crystalline  rock 
from  a  clastic  without  intervening  fluidity.  Metamorphism,  whether 
the  original  rock  is  a  massive  eruptive  or  a  stratified  sedimentary,  pro- 
duces a  laminated  or  schistose  rock.  If  a  granitic  structure  can  be 
taken  as  evidence  of  eruptive  origin,  and  we  know  many  eruptive  rocks 
do  have  such  a  texture,  a  very  strong  case  can  be  made  for  the  erup- 
tive origin  of  the  larger  part  of  the  fundamental  complex.  The  line 
of  argument  is  precisely  analogous  to  that  by  which  the  whole  has  been 
held  to  be  sedimentary.  There  are  complete  gradations  from  the  most 
completely  schistose  and  laminated  phases  to  the  most  massive  phase. 
Also  bearing  in  favor  of  a  truly  igneous  character  for  the  basal  com- 
plex is  the  fact  that  the  rocks  referred  in  the  first  part  of  this  section 
to  the  Archean  are  more  nearly  simulated  by  igneous  rocks  which  have 
irruptive  contacts  with  ancient  elastics  than  by  any  recognizable  meta- 
morphosed sedimentaries.  In  this  connection  may  be  mentioned  the 
occurrences  in  the  Appalachians  and  in  British  Columbia  of  relations 
between  granitic  rocks  and  strata  as  late  as  the  Carboniferous  orTrias- 
sic,  analogous  to  those  which  often  prevail  between  the  granite  and 
granite-gneiss  and  the  pre- Cambrian  crystalline  schists.  Here  the  one 
class  of  rock  is  known  to  be  sedimentary,  the  other  intrusive.  It  may 
be  said  that  the  actual  gradations  between  the  Algonkian  and  Archean* 
in  certain  places  are  evidence  that  the  latter  are  not  igneous  rocks  earlier 
than  the  former;  that  gradations  can  be  explained  between  subsequent 
intrusives  and  elastics,  but  not  between  igneous  rocks  and  sedimentaries 
of  later  age.     It  has,  however,  been  shown  that  as  a  consequence  of 
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powerful  dynamic  action  tAvo  unconformable  series,  the  one  of  which  is 
composed  of  material  from  the  other  and  therefore  resembles  it  in  com- 
position, may  have  developed  conformable  secondary  structures  and 
gradations,  the  latter  consequent  upon  the  induced  crystalline  charac- 
ter of  the  clastic  series,  the  original  structures  being  simultaneously 
obliterated.  Also  recently  Pumpelly  has  ascertained  that  snbaerial  dis- 
integration of  the  earlier  series  is  an  important  assistance  in  the 
production  of  such  gradations.  In  certain  areas  it  has  been  demon- 
strated that  perfect  conformity  and  complete  gradation  exist  between 
series  separated  originally  by  wide  unconformities,  the  earlier  of  which 
was  probably  of  igneous  origin  while  the  later  was  certainly  sedi- 
mentary. 

Whatever  the  origin  of  the  fundamental  complex,  it  is  plain  that  the 
parts  of  any  given  area  of  it  are  not  all  of  the  same  age.  The  dikes 
which  everywhere  cut  it  are  the  pipes  through  which  have  passed  the 
later  eruptives.  At  the  time  of  the  intrusion  of  these  eruptives,  large 
lakes  of  liquid  material  may  have  formed  which  crystallized  as  bosses, 
causing  the  Archean  to  contain  considerable  masses  of  rocks  of  really 
later  age.  Where  these  rocks  are  predominant  the  material  must  be 
classified  as  a  later  eruptive ;  where  they  are  subordinate  to  the  Archean 
material  they  are  often  difficult  to  separate  from  it  although  really  later 
in  age.  Between  the  areas  which  rank  as  eruptives  of  later  age  and 
the  genuine  Archean,  there  are  doubtless  gradations.  Along  the  zone 
of  contact,  if  the  mass  of  later  eruptive  be  great,  there  might  be  an 
area  which  could  equally  well  be  placed  with  the  fundamental  complex 
or  with  the  later  eruptive.  Between  the  Archean  and  later  eruptives, 
as  between  the  Archean  and  undoubted  sedimentaries,  there  are  gra- 
dations. 

The  problem  of  the  relations  of  the  Archean  as  a  whole  to  the  over- 
lying elastics  is  the  same  as  that  within  the  Archean  itself.  The  finely 
laminated  crystalline  schists  and  gneisses,  and  the  granite-gneisses  and 
granites  with  which  they  are  associated,  have  contacts  in  every  respect 
analogous  to  those  occasionally  found  between  the  Archean  complex 
and  the  clastic  series.  For  example,  it  has  been  seen  that  the  rocks 
heretofore  called  Archean  on  the  north  shore  of  lake  Huron  comprise 
pwo  parts.  One  part  is  older  than  and  lies  uncon  form  ably  below,  yield- 
ng  fragments  to  the  original  Huronian.  The  other  part  has  relations 
vith  the  elastics  of  the  character  just  considered  with  transition  phe- 
lomena.  If  this  material  is  an  extraneous  intrusive  it  is  a  post- Archean 
eruptive.  If  in  situ  it  represents  a  portion  of  the  pre-Huronian  floor 
jompletely  metamorphosed  by  selective  metamorphism,  or  by  aqueo- 
gneous  fusion,  it  can  fairly,  according  to  the  first  and  second  school,  be 
jailed  a  part  of  the  Archean. 

It  is  plain  from  the  great  diversity  of  opinion  as  to  the  origin  of  the 
Archean  rocks,  and  fromtthe  fact  that  many  of  the  opinions  are  beliefs 
ather  than  verified  conclusions,  that  we  have  no  definite  knowledge 
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upon  parts  of  the  subject.  That  there  are  comparatively  few  or  no 
wholly  massive  rocks  in  this  complex  is  precisely  what  would  he  ex- 
pected under  any  theory.  Its  history  is  too  long.  Whether  originally 
igneous  or  aqueous,  it  could  not  he  hoped  that  there  would  be  found 
the  characteristic  lithological  forms  of  igneous  or  aqueous  agencies. 
Many  or  all  of  these  rocks,  not  only  subject  to  the  movements 
which  have  taken  place  since  Paleozoic  time,  but  to  the  movements 
which  have  occurred  in  the  far  greater  length  of  previous  time — if  not 
too  deeply  buried  to  be  beyond  the  influence  of  the  outer  foldings,  iu 
Avhich  case  they  were  buried  beyond  the  crushing  strength  of  rocks — 
were  latently  plastic,  and  were  probably  at  a  high  temperature,  If 
originally  massive  and  igneous  in  the  ordinary  sense,  dynamic  action 
has  obliterated  the  regularity  of  the  arrangement  of  the  constituent 
particles  and  has  given  them  a  more  or  less  laminated  or  schistose  struc- 
ture. If  sedimentary,  all  trace  of  that  original  sedimentary  structure 
has  been  obliterated  by  the  repeated  foldings,  contortions,  and  perhaps 
high  degree  of  heat  to  which  they  have  at  various  times  been  subjected. 
Of  a  necessity,  through  this  complex  have  passed  all  subsequent  erup- 
tives.  Doubtless  at  A^arious  places  and  times  in  its  history,  parts  of  it 
have  become  practically  fluid  and  from  this  condition  it  has  again 
crystallized  in  the  forms  characteristic  of  eruptives. 

DELIMITATIONS   OF   ARC  HE  AN. 

It  is  generally  accepted  that  the  Archean  has  no  limit  downward.  It 
is  the  oldest  system,  and  surely  includes,  if  such  rocks  exist,  all  of  the 
original  crust  of  the  earth.  But  as  denudation  xuogresses,  material  far 
within  the  earth  approaches  its  surface,  not  by  intrusion  but  by  gradu 
ally  rising  as  a  whole.  Before  reaching  the  surface  the  material  has 
become  crystallized.  This  original  crystallization  may  have  taken  place 
in  or  even  later  than  Algonkian  time;  hence,  if  these  rocks  are  to  bej 
considered  as  belonging  to  the  age  in  wThich  they  crystallized,  the 
Archean  grades  below  into  the  Algonkian,  even  as  it  is  believed  in; 
places  to  grade  above  into  the  Algonkian.  The  truth  of  this  position 
is  not  lessened  by  the  fact,  if  fact  it  be,  that  the  earth  as  a  whole,  sub 
ject  to  sudden  strain,  acts  as  a  rigid  body.  Even  if  true,  it  is  equally 
certain  that  the  crust  of  the  earth,  under  continued  strain,  adaptsl 
itself  to  it,  thus  showing  real  plasticity.  But  in  any  case  it  can  not  be; 
assumed  that  the  rock  material  deep  within  the  earth,  under  pressuroj 
far  beyond  the  crushing  strength  of  any  known  material,  and  at  a  higro 
temperature,  exists  as  crystallized  minerals.  We  only  know  that  it  has] 
these  forms  when  the  material  rising  by  erosion  nears  the  surface. 

The  upper  limit  of  the  Archean  is  not  easy  to  define,  and  the  task  isj 
rendered  more  difficult  because  geologists  are  not  agreed  upon  the! 
origin  of  the  Archean.  If  either  the  sedimentary  or  the  subcrustall 
fusion  theory  of  its  origin  be  accepted,  there  *will  be  found  gradations  j 
from  rocks  constituting  the  ancient  complex  described  to  rocks  having* 
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like  relations  with  elastics  of  Algonkian  and  post  Algonkian  time. 
Upon  either  of  these  theories,  if  sedimentary  rocks  are  only  buried  deep 
enough,  they  will  pass  into  crystallines  by  progressive  metamorphism 
or  by  subcrustal  fusion,  just  as  do  rocks  of  Cambrian  and  post-Cambrian 
age.  This  the  elder  Hitchcock  so  clearly  saw  that  he  distinctly  said 
that  the  so-called  Laurentian  granites  and  gneisses  of  Vermontare  prob- 
ably, in  part  at  least,  not  older  than  the  fossiliferons  series.  If  the 
Archean  be  made  to  include  all  the  thoroughly  crystalline  rocks  below 
pre  Cambrian  elastics,  it  includes  rocks  the  age  of  which  varies  from 
Algonkian  to  pre- Algonkian.  This  anomaly  is  perhaps  best  met  by 
making  a  more  or  less  arbitrary  division  between  Archean  and  post- 
Archean  crystallines.  The  natural  theoretical  plane  to  choose  is  the 
beginning  of  life;  that  is,  to  include  in  the  Archean  all  truly  azoic 
rocks.  While  this  suggestion  has  a  plausible  sound,  we  must  believe 
that  the  dawn  of  life  was  very  gradual  and  that  its  traces  in  its  early 
stages  are  exceedingly  sparse,  so  that  there  would  be  great,  if  not  in- 
superable difficulties  in  its  practical  application. 

If  the  third  theory,  that  the  Archean  includes  only  pre-sedimentary 
rocks,  be  correct,  its  upward  limit  is  easy  to  define;  the  Algonkian 
begins  for  each  region  at  the  time  of  the  deposition  of  the  first  sedi- 
mentaries. But  there  are  those  who  deny  the  existence  at  the  present 
time  of  any  such  ancient  rocks,  although  they  concede  their  existence  at 
one  time,  and  they  believe  that  the  Archean  as  thus  defined  represents  a 
vast  lapse  of  time  in  the  history  of  the  earth.  This  denial  of  the  present 
existence  of  any  rocks  of  greater  age  than  the  oldest  sedimentaries  is  of 
course  a  pure  unverified  assumption  defended  on  the  ground  of  probabil- 
ity. If  the  original  crust  of  the  earth  be  defined  as  including  more  than 
the  first  outer  skin,  it  is  a  question  whether  the  converse  proposition  is 
not  eo, u ally  probable.  Even  if  the  position  be  true,  the  school  that  be- 
lieves in  the  igneous  origin  of  the  Archean  would  still  have  a  large  mass 
of  rocks  for  the  Archean  by  shifting  their  ground  so  as  to  include  in  it 
all  the  material  which  in  the  slow  process  of  inward  crystallization  has 
now  reached  the  surface  of  the  earth,  not  by  intrusion  in  the  rocks 
above,  but  by  erosion.  This  position  would,  however,  be  controverted 
by  those  who  regard  such  rocks  as  plutonic  and  belonging  to  the  age 
of  their  equivalent  sedimentaries.  But  in  the  nature  of  the  case  it  is 
not  possible  to  designate  the  particular  age  to  which  these  rocks  belong. 
That  there  exists  upon  the  surface  of  the  earth  a,  part  of  the  original 
crust  of  the  earth,  or  its  downward  continuation  by  later  cooling,  can 
hardly  be  doubted;  and  since  these  can  never  be  assigned  to  any  defi- 
nite period  of  sedimentaton  they  might  well  be  considered  as  Archean. 
At  any  rate  they  are  a  class  by  themselves  which,  if  not  here  placed, 
can  not  be  referred  to  any  of  the  geological  periods.  Further,  this  class 
of  rocks  when  in  contact  with  detritals  of  whatever  age,  by  the  very 
hypothesis  of  their  origin  mustiest  ui  icon  formal)  ly  below  them.  The 
coincidence  that  so  frequently,  it'  not    always,  there  is  really   a  great 
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hiatus  between  the  ancient  sedimentables  and  the  basal  complex  might 
be  urged  as  evidence  of  the  truthfulness  of  this  hypothesis.  It  is  in- 
teresting here  to  remember  that  Emmons  denned  pyrocrystalline  rocks 
as  those  due  to  the  consolidation  of  the  earth's  crust,  which  rocks  were 
said  to  increase  in  thickness  by  additions  below. 

Sedimentation  must  have  begun  in  the  earliest  seas,  while  upon 
parts  of  possible  continental  areas  volcanic  materials  alone  were  still 
accumulating.  These  latter,  in  accordance  with  the  definition,  would 
belong  to  the  Archean.  There  would  be  in  this  case  no  positive  equat- 
ing one  with  the  other.  When  later,  upon  these  Archean  rocks  con- 
temporaneous with  the  earlier  Algonkian  rocks,  sedimentaries  began  to 
form,  this  would  be  for  this  region  the  opening  of  the  Algonkian. 
However,  it  is  not  impossible  that  all  such  supposed  contemporaneous 
Archean  materials  may  have  been  carried  away  by  erosion.  Certainly 
this  would  have  been  the  case  with  a  large  portion  of  them,  and  it  fol- 
lows that  this  difficulty  may  be  rather  theoretical  than  practical. 

The  banded  and  contorted  granite-gneiss  which  serves  as  a  back- 
ground for  the  Archean  may  not  improbably  be  the  part  which  has  the 
origin  above  suggested,  while  the  other  parts  of  the  complex  may  be 
due  to  subsequent  intrusives;  the  whole  being  kneaded  into  their  pres- 
ent extraordinary  complex  relations  by  repeated  dynamic  movements 
and  other  metamorphic  influences.  This  igneous  theory  of  the  origin 
of  the  Archean,  modified  so  as  to  include  the  pre-sedimentary  original 
crust,  if  any  remains,  and  the  deeper  crust  which  has  reached  the  sur- 
face by  denudation,  perhaps  more  nearly  covers  the  facts  than  any 
other  as  to  the  relations  of  the  Archean  to  subsequent  rocks,  its  com- 
plex lithological  character,  the  relations  of  the  rock  phases  to  each 
other,  and  the  long  history  written  in  the  strained,  altered,  and  broken 
mineral  constituents.  It  accords  with  the  idea  held  by  Irving,  Bou- 
ncy, and  others,  that  this  earliest  crystalline  complex  was  produced 
under  conditions  differing  from  those  of  the  rocks  of  any  subsequent 
period. 

But  the  difficulties  in  the  theoretical  delimitation  of  the  top  of  the 
Archean  are  so  great  that  I  prefer  to  confine  myself  to  a  statement  of 
some  possible  solutions  rather  than  to  commit  myself  to  any  theory, 
although  now  inclining  toward  the  third  theory  modified  as  suggested. 
Although  the  obstacles  are  not -nearly  so  great  in  delimiting  later  peri-' 
ods,  the  difficulties  of  making  an  exact  definition  for  the  Silurian,  De- 
vonian, or  Carboniferous  are  so  considerable  that  almost  any  of  those 
given  have  been  found  to  controvert  the  facts  of  some  locality.  If 
this  is  the  case  with  reference  to  these  later  periods  in  which  so  much 
more  is  known,  it  should  not  be  surprising  that  the  obstacles  to  an 
accurate  delimitation  of  the  Archean  are  at  present  apparently  insu- : 
perable. 

But  while  it  is  impossible  to  make  a  wholly  satisfactory  theoretical 
definition  of  the  Archean,  it  is  frequently  easy  in  the  field  to  say  with 
a  great  degree  of  probability  what  rocks  are  Archean  and  what  post- 
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Archean.  For  instance,  in  the  Arizona)  region,  as  has  been  seen,  above 
the  typical  Archean  complex  there  is  the  most  profound  unconformity, 
upon  the  upper  side  of  which  the  rocks  are  readily  recognized  elastics. 
From  the  writer's  point  of  view  the  same  thing  is  true  for  a  large  part 
of  the  lake  Superior  region.  In  the  Uinta  and  Wasatch  mountains, 
again,  below  the  quartzites  of  probable  Algonkian  age,  is  a  great  un- 
conformity, and  then  appears  the  implicated  Archean.  In  certain  other 
regions  the  separation  of  the  Algonkian  and  the  Archean  is  a  matter 
of  exceeding  difficulty.  As  representative  of  this  class  of  cases  may 
be  taken  the  Front  range  of  Colorado,  along  the  east  side  of  which  are 
unmistakable  elastics,  with  an  apparent  gradation  between  them  and 
the  crystalline  complex.  In  the  Appalachians,  again,  where  for  the 
most  part  the  oldest  clastic  rocks  recognizable  are  Cambrian,  it  can 
not  be  said  whether  the  crystalline  complex  below  is  Algonkian  or  Ar- 
chean. Here  the  separation  of  the  Cambrian  from  the  pre- Cambrian 
has  been  accomplished  only  by  a  minute  and  laborious  study.  The  two 
appeared  to  be  in  conformity  and  to  grade  into  each  other.  It  is  only 
recently  that  this  gradation  has  been  shown  by JPumpelly  to  be  consist- 
ent with  a  great  unconformity  between  the  two.  The  causes  produc- 
ing this  gradation  between  the  Cambrian  and  pre-Cambrian  in  Massa- 
chusetts (post- Cambrian  dynamic  action  and  pre-Cambrian  disintegra- 
tion) may  also  be  found  to  explain  the  conformities  and  gradations  be- 
tween the  Algonkian  and  Archean. 

While  it  is  then  not  easy  to  define  the  Archean,  it  is  plain  that  the 
discrimination  in  the  field  between  Archean  and  Algonkian  is  a  real 
one  and  should  continue  to  be  applied  even  if  its  exact  theoretical 
meaning  can  not  be  said  to  be  certainly  known.  It  has  been  the  cus- 
tom in  the  past  to  refer  to  the  Archean  practically  all  crystalline  rocks, 
with  many  semicrystalline  rocks  which  seem  to  be  old,  or  the  age  of 
which  was  not  determined.  Under  this  practice  vast  areas  in  the  Ap- 
palachians have  been  referred  to  the  Archean,  which  are  now  being 
placed  in  the  Cambrian,  Devonian,  and  Carboniferous.  Doubtless  in 
the  same  way  many  other  areas  which  have  been  placed  in  the  Archean 
upon  closer  study  will  be  removed  from  it  and  the  rocks  distributed 
from  the  Algonkian  upward.  At  this  point  a  reform  in  geology  is 
needed.  If,  for  instance,  the  oldest  rocks  of  clearly  recognizable  age 
are  Triassic,  and  these  Triassic  rocks  rest  upon  a  complex,  the  struc- 
tural relations  of  which  are  not  studied  in  detail,  this  complex  should 
be  denominated  pre-Triassic  rather  than  Archean.  A  large  part  of  the 
difficulty  in  getting  to  understand  from  the  literature  the  actual  facts 
as  to  the  occurrences  and  relations  of  the  crystalline  rocks  has  arisen 
from  this  practice  of  using  the  Archean  as  the  dumping  ground  for 
everything  of  unknown  age. 

STRATIGRAPHY    OF   ARCHEAN. 

In  characterizing  the  Archean  the  methods  applicable  to  its  subdi- 
vision are  clearly  pointed  out.     If  no  part  of  it  is  demonstrably  sedi- 
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mentaryj  structural  methods  can  uot  apply.  Its  subdivisions  must  be 
made  upon  purely  lithological  grounds.  If  a  part  of  it  is  demonstrably 
eruptive  the  relative  ages  of  these  parts  may  often  be  ascertained  and 
all  are  necessarily  newer  than  the  part  not  recognized  as  eruptive,  else 
these  could  not  be  shown  to  have  this  origin.  Many  attempts  to  apply 
strati  graphical  methods  to  parts  of  the  Archean  have  been  made,  but 
they  have  not  thus  far  been  successful.  Such  attempts  have  been 
based  upon  the  belief  that  foliation  represents  sedimentation,  but  even 
working  upon  this  erroneous  basis  it  has  been  stated  that  the  struc- 
tures are  so  complicated  that  little  progress  has  been  made.  So  far  as 
attempts  to  apply  stratigraphical  methods  to  this  fundamental  com- 
plex are  concerned  the  conclusions  of  Whitney  and  Wads  worth  are 
very  largely  true.  If  their  review  of  the  "  Azoic  rocks"  had  been  confined 
to  this  basement  system,  which  is  perhaps  truly  Azoic,  the  conclusion 
as  to  its  indivisibility  on  a  structural  basis  would  have  plausibility. 

The  only  division  generally  applicable  to  the  Archean  warranted  by 
present  knowledge  is  its  separation  into  (1)  fine  grained  mica-schists, 
feldspathic  mica- schists  (technically  gneisses),  hornblende- schists,  horn 
blende-gneisses,  etc;  and  (2)  the  granites  and  granitoid  gneisses  with 
their  associates.  The  first  class  is  generally  dark  colored,  the  second 
light  colored.  The  lithological  affinities  of  the  second  are  with  the  ig- 
neous rocks.  As  already  indicated,  the  change  from  a  granite- gneiss 
area  to  a  schistose  area  is  not  infrequently  a  transition.  In  passing 
from  the  schists  to  the  granites  often  veins  or  dikes  of  granite  are  first 
found,  or  interlaminations  of  granite- gneiss  with  the  schist.  After  a 
time  the  schistose  rocks  and  granite-gneiss  are  about  equally  impor- 
tant. Proceeding  onward  the  granite- gneisses  become  predominant. 
These  relations  are  precisely  those  already  described  and  interpreted 
by  one  school  to  mean  that  the  granite- gneisses  are  extraneous  intru- 
sives,  by  another  that  they  are  the  aqueo-igneous  fused  sedimentary 
beds  in  situ,  and  by  a  third  that  they  are  selectively  metamorphosed 
beds.  To  designate  the  gneissoid  granite  part  of  the  Archean  the  term 
Laurentian  has  always  been  employed  and  is  now  generally  restricted, 
the  finely  laminated  crystalline  schists  being  commonly  referred  to  the 
Huroiiian.  Laurentian  under  this  usage  is  made  to  include  the  impli- 
cated granite-gneiss  of  the  basal  complex,  somewhat  regularly  lami- 
nated  granite-gneiss,  and  also  many  areas  of  nearly  massive  granite,  a 
part  of  which  latter  may  be  and  probably  is  of  later  age  than  the  former. 
The  first  is  clearly  Laurentian.  It  is  equally  clear  that  the  granite- 
gneisses  known  to  be  of  later  age  than  Algonkian  elastics,  like  those 
described  by  Lawson  northwest  of  lake  Superior,  should  be  excluded 
from  the  Laurentian.  To  place  these  rocks  here  is  to  introduce  a  new 
principle  in  geology;  i.  e.,  it  is  giving  rocks  of  recognized  eruptive  ori- 
gin a  separate  term  when  they  should  be  given  the  name  of  their  con- 
temporaneous elastics.  The  eruptives  which  are  contemporaneous  with 
the  Tertiary  rocks  are  so  named.     Rocks  which  cut  Tertiary  rocks  and 
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Can  not  be  more  accurately  located  are  called  post  Tertiary.  In  like 
manner  the  granite-gneisses  which  are  recognized  as  eruptives  of  later 
age  than  sedimentaries  should  be  assigned  if  possible  to  the  age  to  which 
they  belong,  and  if  not,  their  limitations  expressed.  This  restriction 
of  the  term  Laurentian  will  undoubtedly  eliminate  from  it  large  areas 
of  rocks  which  have  heretofore  been  recognized  as  Laurentian,  but  to 
include  both  the  original  granite-gneiss  and  later  granite-gneisses  under 
a  single  time  term  is  but  to  deliberately  continue  a  confused  classifica- 
tion after  facts  have  been  discovered  which  render  it  unnecessary.  All 
were  first  referred  to  the  Laurentian  only  because  a  discrimination  as 
to  age  had  not  been  made  between  them. 

It  appears  to  me  that  the  best  use  which  can  now  be  made  of  the 
old  term  Laurentian  is  to  restrict  it  to  the  Archean  granite-gneisses, 
including  in  it  no  rocks  which  traverse  Algonkian  sedimentaries.  This 
use  of  the  term  Laurentian  is  different  from  the  original  proposal  of 
Logan.  The  original  Laurentian  is  largely  and,  with  the  exception  of 
the  great  lower  "orthoclase"  gneiss,  perhaps  wholly  a  series  of  detrital 
origin,  being  composed  of  limestones,  quartzites,  and  regularly  lami- 
nated gneisses  which  almost  certainly  are  altered  clastic  rocks. 
Dawson  (Sir  William)  in  a  late  paper  insists  that  the  bedded  sedimen- 
tary character  of  this  and  adjacent  series  can  not  be  doubted.  It 
was  natural  in  the  days  in  which  lamination  of  any  kind  was  by 
most  geologists  regarded  as  proof  of  sedimentation,  that  the  term  Lau- 
rentian should  be  carried  over  to  the  underlying  thoroughly  crystalline 
granitoid  gneisses.  The  known  area  of  this  latter  class  has  now  become 
so  great  that  the  elastics  of  the  type  series  and  other  elastics  here 
placed  are  insignificant  in  comparison.  The  Hastings  series,  after- 
wards connected  by  Vennor  with  the  original  Laurentian,  was  first 
referred  by  him  to  the  Iluroniau,  and  there  is  little  doubt  that  this 
series  would,  if  newly  found  in  the  great  expanse  of  northern  Canada, 
be  thus  placed.  This  is  still  more  emphatically  true  of  the  so-called 
Laurentian  elastics  of  lake  Mpissiug,  which  were  referred  to  the  Huro- 
nian  by  Selwyn.  That  two  groups  of  rocks  were  included  in  the  Lau- 
rentian of  Logan,  that  author  early  recognized  by  his  subdivisions: 
Lower  Laurentian,  including  the  basal  granitoid  formation;  and  Upper 
Laurentian,  including  all  the  limestones,  etc.  The  later  work  of  the 
Canadian  survey  has  emphasized  the  reality  of  this  division.  In  recent 
years  the  practice  of  the  Canadian  Survey  has  been  to  include  all  or 
nearly  all  of  the  more  regularly  laminated  rocks  which  may  be  posi- 
tively asserted  to  be  of  clastic  origin,  as  well  as  many  of  which  this 
assertion  can  not  be  made  to  the  Huronian.  The  difference  between 
the  Laurentian  of  lake  Superior  and  that  of  Logan's  original  area  was 
early  noted  by  Macfarlane,  Brooks,  and  Rominger.  The  last  two 
went  so  far  as  to  suggest  that  about  the  lake  Superior  region  it  is  prob- 
able that  the  Laurentian  of  eastern  Canada  is  not  represented.  That 
possibly  the  fragmental  rocks  of  the  Laurentian  of  the  East  may  be 
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equivalent  to  the  more  crystalline  of  the  rraginental  rocks  about  lake 
Superior,  here  called  Lower  Huronian,  was  early  suggested  by  Cham 
berlin.  Excluding  from  the  Laurentiau  the  small  areas  of  elastics  here 
referred,  and  applying  the  term  to  the  vast  areas  of  rock  referred  to 
this  system  during  the  last  forty  years  would  seem  now  to  be  the  pref- 
erable course.  This  usage  accords  with  the  principles  of  good  nomen- 
clature in  that  it  makes  the  Laurentiau  a  definite  unit  and  avoids  the 
anomaly  of  including  under  one  term  two  radically  different  groups  of 
rocks. 

The  tine  grained,  dark  colored  schists  belonging  to  the  basal  complex 
and  antedating  the  Algonkian  should  have  a  name  assigned  to  them 
coordinate  with  Laurentiau  as  the  other  main  lithological  division  of 
the  Archean.  If  Lawson's  Coutehiching  series  belongs  here  this  term 
has  priority  for  this  place.  Law  son.  however,  regards  this  series  as 
probably  sedimentary,  although  upon  this  point  additional  evidence  is 
needed.  If  it  turns  out  that  the  Coutehiching  is  sedimentary  under 
th<^  classification  proposed  in  this  paper  the  series  belongs  with  the 
Algonkian.  As  a  provisional  name  for  this  second  division  of  the 
Archean  is  proposed  the  term  Marenisean.  This  term,  like  Laurentiau, 
is  a  geographical  one  derived  from  Marenisco  township,  Michigan,  south 
of  the  Gogebic  range,  where  these  rocks  have  a  typical  development. 

The  Archean  as  a  whole  naturally  occupies  a  group  place  in  the  clas- 
sitication.  and  its  Laurentiau  and  Marenisean  would  be  systematic  in 
their  value  if  they  were  structural  terms.  But  until  the  Archean  can 
be  separated  on  a  structural  basis,  if  it  ever  can  be.  it  will  be  necessary 
for  the  purposes  of  atlas  sheet  mapping  to  treat  the  group  as  a  unit, 
except  that  lithological  divisions  may  be  made.  With  reference  to 
Archean.  we  are  in  the  same  difficulty  as  with  Agnotozoie  or  Protero- 
zoic,  considered  below.  This  group  can  at  present  have  but  a  single 
system  division,  the  Algonkian.  because  we  are  not  yet  able  to  subdi- 
vide the  group  into  systems  which  can  be  shown  to  be  general  for  the 
whole  of  America. 

The  anticlinal  structure  described  as  generally  characteristic  of  the 
Archean  ranges  of  the  west  has  been  based  Upon  the  belief  that  folia- 
tion represents  bedding,  and  also  on  the  obsevations  that  the  overlying 
sedimentary  rocks  often  dip  away  from  the  axes.  The  anticlinal  struct- 
ures of  tin'  sedimentary  rocks  and  that  of  the  Archean  are  independent 
questions.  If  the  Archean  as  a  whole  be  regarded  as  of  igneous  origin, 
it  would  be  expected  that  a  gradation  from  massive  rocks  in  the  cores 
to  schistose  rocks  upon  the  flanks  would  be  found,  for  these  outer  zones 
are  the  places  where  the  most  powerful  effects  of  dynamic  action  are 
felt,  and  also  the  parts  where  greater  interior  accommodations  of  the 
constituent  particles  are  necessary.  In  dynamo-metamruphic  eruptives 
of  post- Archean  age  precisely  these  relations  prevail.  The  determina- 
tion of  the  structure  of  the  Archean  cores  must  wait  until  the  origin  of 
the  Archean  has  been  determined;  in  short,  until  it  is  known  whether 
structural  methods  are  applicable  at  all. 
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NECESSITY  FOR  A  GROUP  BETWEEN  CAMBRIAN  AND  AJtCHEAN. 

The  Olenellus  fauna  is  taken  as  the  base  of  the  Cambrian.  The  rea 
sons  for  thus  delimiting  the  Cambrian  below  are  fully  considered  by 
Walcott  in  one  of  this  series  of  correlation  papers  and  will  be  sum- 
marized on  a  subsequent  page.  His  results  are  accepted.  The  Cam 
brian  fauna  in  development  is  tar,  some  biologists  say  nine-tenths  of 
the  way,  up  the  life  column.  This  statement,  if  accepted,  implies  a 
prior  life  of  vast  duration. 

Just  as  another  period  of  life  has  succeeded  tin4  Cambrian,  another 
lias  preceded  it.  The  progress  of  paleontologic  knowledge  has  of  late 
been  downward.  Before  there  was  a  recognized  Cambrian  there  was 
a  well  known  Silurian,  and  it  is  probable  that  when  all  parts  of  the 
world  become  geologically  known  other  faunas  wiil  be  discovered  beiow 
the  Cambrian  as  distinctive  in  character  as  the  Cambrian  is  from  flic 
Silurian.  If  this  be  done,  definite  information  will  be  available  to  cor- 
relate rock  series  of  different  parts  of  the  world  in  the  time  place  be- 
tween the  Cambrian  and  Archean. 

If  the  condition  of  the  globe  was  such  that  life  existed  in  pre-Cam- 
brian  time,  it  also  was  such  that  stratified  rocks  could  be  deposited 
not  unlike  those  of  later  times,  so  that  the  only  question  which  arises 
is  whether  any  of  these  stratified  rocks  now  remain  in  such  a  condition 
as  to  be  recognizable.  The  foregoing  pages  and  the  literature  sum- 
marized give  a  mass  of  evidence  upon  this  point  which  is  overwhelming. 
Such  intervening  clastic  series  do  exist  below  the  Olenellus  fauna  in 
many  regions  in  North  America,  and  in  some  cases  the  volumes  of  rock 
and  great  intervening  erosions  represent  a  lapse  of  time  which  may 
be  not  inaptly  compared  with  all  subsequent  time.  If  geological  his 
tory  were  to  be  divided  into  three  approximately  equal  divisions, 
these  divisions  would  not  improbably  be  the  time  of  the  Archean,  the 
time  of  the  clastic  series  between  the  Archean  and  the  Cambrian,  and 
the  time  of  the  Cambrian  and  post  Cambrian.  In  this  connection  it 
is  well  to  recall  that  many  years  ago  Logan  suggested  that  the  thick- 
ness of  the  Laurentian  and  Huronian  may  surpass  that  of  all  suc- 
ceeding formations,  and  the  appearance  of  the  so-called  Primordial 
fauna  may  be  considered  a  comparatively  modern  event. 

It  is  imperative  that  some  term  shall  be  available  to  cover  the  great 
mass  of  rocks  between  the  Cambrian  and  Archean.  Irving  was  the 
first  to  realize  and  urge  the  necessity  for  such  a  term  and  proposed 
for  it  Agnotozoic.  This  term  implies  the  existence  of  life  in  this  sys- 
tem, and  the  evidence  upon  this  point  is  conclusive.  Life  is  indicated 
by  the  presence  of  thick  beds  of  graphitic  limestones,  beds  of  iron  car- 
bonate, and  by  great  thicknesses  of  carbonaceous  shales,  which  are  rep- 
resented by  graphitic  schists  in  the  more  metamorphosed  phases  of 
the  rocks.  It  has  been  urged  by  Whitney,  Wadsworth.  and  others  that 
the  limestone  and  graphitic  schists  may  have  an  origin  other  than 
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organic.  Whitney  and  AV ads  worth  have  gone  so  far  as  to  say  that 
there  is  no  valid  evidence  of  life  in  any  pre-Potsdam  rocks.  This  was, 
however,  before  it  was  generally  recognized  that  the  Potsdam  is  Upper 
Cambrian  and  that  an  abundant  Cambrian  life  extends  far  below.  If 
it  were  true  that  these  limestones  and  ore  beds  are  no  evidence  of  life 
(and  it  may  be  admitted  that  another  origin  is  possible  without  imply- 
ing that  it  is  probable),  it  will  hardly  be  maintained  that  the  hydro- 
carbons which  occur  so  abundantly  in  the  little  metamorphosed  shales 
of  the  Huronian  about  lake  Superior  are  other  than  of  organic  origin, 
and,  if  so,  the  graphitic  schists  which  stand  in  the  same  great  system 
in  the  geological  column  are  in  all  probability  only  these  hydrocarbo- 
naceous  shales  in  a  more  altered  con dition .  However,  we  are  not  obliged 
to  depend  upon  the  presence  of  these  varieties  of  rocks  as  the  only 
evidence  of  life.  Whether  the  llozoon  eanadense  found  in  the  original 
Laurentian  of  Canada  is  of  organic  origin  will  not  be  discussed  here. 
Its  literature  is  voluminous  and  it  is  a  question  which  concerns  the 
paleontologists.  It  is  doubtless  true  that  many  of  the  specimens  which 
have  been  called  Eozoon  are  results  of  the  forces  of  crystallization; 
but,  admitting  this,  it  does  not  follow  that  all  of  the  material  called 
Eozoon  is  of  this  character.  Passing  by  this  question ,  the  pre-Cambrian 
fossils  described  by  Walcott  in  the  Grand  canyon  of  the  Colorado 
include:  "A  minute  Discinoid  or  Patelloid  shell,  a  small  Lingula-like 
shell,  a  species  of  Hyolithes,  and  a  fragment  of  what  appears  to  have 
been  the  pleural  lobe  of  the  segment  of  a  trilobite  belonging  to  a  genus 
allied  to  the  genera  Olenellus,  Olenoides,  or  Paradoxides.  There  is 
also  an  obscure  Stromatopora-like  form  that  may  or  may  not  be  or- 
ganic." 

A  Lingula-like  shell  has  been  found  by  Winchell  in  the  pjpestones  of 
Minnesota.  Selwyn  has  described  tracks  of  organic  origin  in  the  Ani- 
mikie  (Upper  Huronian)  series  of  lake  Superior.  Murray,  Howley,  and 
Walcott  found  several  low  types  of  fossils  in  the  pre  Olenellus  elastics- 
of  Newfoundland. 

That  these  fossils  are  of  organic  origin  can  not  be  doubted.  But  while 
many  will  admit  the  clastic  character  of  the  great  groups  of  rocks  con- 
sidered and  the  organic  origin  of  the  forms  mentioned  as  well  as  the 
carbon  of  the  carbonaceous  shales  and  schists,  they  will  say  that  these 
are  merely  evidences  that  the  rocks  in  which  they  lie  are  Cambrian.  } 
The  reply  to  this  is  that  it  is  a  question  of  nomenclature.  If  it  be  pre- 
mised that  all  clastic  and  fossiliferous  rocks  more  ancient  than  the 
Olenellus  horizon  are  Cambrian  it  is  useless  to  try  to  prove  that  there 
are  pre-Cambrian  clastic  rocks  which  bear  life.  It  is,  however,  neces- 
sary to  recognize  that  the  carrying  downward  of  the  term  Cambrian 
to  cover  not  only  the  great  thicknesses  of  rocks  which  are  now  in- 
cluded within  it,  but  all  pre- Olenellus  elastics,  will  probably  make  the 
Cambrian  as  great  as  or  greater  than  all  the  subsequent  periods  put 
together.     That  this  is  inadvisable  is  plain,  and  the  clastic  rock  masses 
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below  the  Olenellus  fauna  are  so  enormous  that  the  proposal  to  intro- 
duce a  genera]  term  like  Agnotozoic  as  the  equivalent  of  Paleozoic, 
Mesozoic,  Cenozoic,  to  cover  this  great  groiq)  is  a  conservative  one. 
Irving  foresaw  that  the  term  would  be  objected  to  because  sooner  or 
later  the  life  will  become  to  a  greater  or  less  degree  known,  and  he  sug- 
gested as  an  alternative  for  Agnotozoic,  Eparehean  in  contradistinc- 
tion to  Archean,  which  was  reserved  by  him  to  cover  the  fundamental 
complex.  As  the  character  of  the  life  of  this  group  is  already  be- 
ginning to  be  known,  it  seems  to  me  that  the  term  Proterozoic,  con- 
sidered for  the  i>laee  by  Irving,  but  rejected,  is  preferable  to  either 
Agnotozoic  or  Eparehean. 

In  a  conference  of  the  members  of  theU.  S.  Geological  Survey,  called 
by  the  Director  at  Washington,  these  terms  were  discussed  with  refer- 
ence to  atlas-sheet-mapping,  although  there  was  no  question  on  the 
part  of  any  one  as  to  the  necessity  for  some  such  term.  Recognizing 
the  impracticability  of  the  certain  correlation  with  one  another  of  the 
one  or  more  pre  Cambrian  clastic  series  which  occur  in  the  various 
regions,  and  recognizing  the  fact  that  for  use  in  mapping  a  uniform 
plan  must  be  adopted,  it  was  suggested  that  a  term  of  the  same  class 
as  Cambrian,  Silurian,  and  Devonian  should  be  selected  for  rocks 
here  included,  and  to  occupy  this  place  the  term  Algonkian  was 
proposed  and  accepted.  The  proposed  general  scheme  of  classification 
for  the  lower  part  of  the  geological  column  is  then  as  follows: 

(  Carboniferous. 
t,  ,  I  Devonian. 

Paleozolc j  Silurian. 

[  Cambrian. 

Agnotozoic,  or  Proterozoic Algonkian. 

Arcbean Arc-bean. 

The  introduction  of  the  term  Algonkian  has  been  objected  to  on  the 
ground  that  it  will  supersede  the  older  term  Huronian.  In  answer  to 
this  it  may  be  said  that  Huronian  has  not  been  generally  used  as 
Algonkian  is  defined,  and  it  therefore  does  not  supersede  this  term. 
Huronian  will  be  retained  for  certain  of  the  clastic  series  of  Lake  Supe- 
rior and  Canada,  as  well  as  for  rocks  in  an  equivalent  x>osition  in  other 
parts  of  North  America  and  Europe,  if  such  equivalence  can  be  deter- 
mined, just  as  before  Algonkian  was  introduced.  The  Huronian  will 
stand  as  oue  of  the  great  series  of  rocks  which  together  make  up  the 
Algonkian. 

DELIMITATIONS   OF   THE   ALGONKIAN. 

The  further  back  we  go  in  the  history  of  the  world  for  any  given 
region  the  more  frequent  have  been  the  changes  through  which  a  rock 
stratum  has  passed,  and  therefore  there  is  increasing  difficulty  in  deter- 
mining bounding  planes  with  sharpness,  although  in  different  regions 
rocks  of  the  same  degree  of  metamorphism  may  differ  vastly  in  age. 
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The  l  ruth  of  this  is  well  illustrated  by  comparing  the  eastern  and  west 
era  regions  of  the  United  States.  In  the  former  powerful  dynamic 
movements  have  occurred  until  late  in  Paleozoic  time,  as  a  result  of 
which  the  Cambrian,  Silurian,  and  Devonian  rocks  over  large  areas 
have  not  been  separated  from  the  pre  Cambrian.  In  certain  areas  tliis 
separation  has  been  accomplished,  but  only  by  the  most  accurate  and 
painstaking  application  of  modern  methods.  In  parts  of  Massachu- 
setts and  Vermont  the  areas  covered  and  the  results  reached  have  in- 
volved an  enormous  amount  of  Labor,  although  of  late  paleontology 
has  been  an  important  help  in  unraveling  the  problem.  Under  these 
circumstances   how  much    more  difficult  would  one  expect    it  to  be   to 

separate  the  pre  Cambrian  clastic  series  from  the  Archean! 

Iu  parts  of  the  West,  where  no  close  folding  has  occurred  since  Cam- 
brian time,  it  is  easy  to  separate  the  Cambrian  from  thepre  Cambrian, 
and  in  regions  in  which  metamorphosing  influences  have  not  been  at 
work  tor  a  still  longer  time  it  is  easy  to  separate  the  pre  Cambrian 
elastics  from  the  Archeau.  But  in  other  regions  this  separation  is 
made  with  the  greatest  difficulty,  and  doubtless  over  large  areas  this 
will  never  be  satisfactorily  done.    Just  as  in  the  Appalachians,  in  parts 

of  which  it  may  be  impracticable  to  separate  the  Cambrian  rocks  from 
the  pre  Cambrian  clastic  scries,  if  sncli  exists,  so  it  will  be  tor  a  long 
time  impossible  to  decide  in  some  regions  Upon  sharp  boundary  lines 
between  the  lire  -Cambrian  elastics  and  the  Archean.  Givingfull  force 
to  this  position,  it  is  no  reason  why  the  discrimination  should  not  be 
made  where  it  can  be. 

Recent  work  in  petrography  has  demonstrated  that  'dynamic  move* 
incuts  and  environment,  not  time,  are  the  important  elements  in  the 
obliteration  otclastic  characteristics.  Dynamic  movements  also  destroy 
the  evidences  of  discordances  between  series  where  there  have  been  real 
unconformities.  This  destruction  of  the  evidence  of  structural  breaks 
comes  about  largely  as  the  result  of  an  approaching  parallelism  of  bed- 
ding, caused  by  the  close  (biding,  but  tar  more  important  than  this  is 
the  production  of  a  common  cleavage  and  foliation  with  the  simulta- 
neous development  of  crystalline  schists  from  the  newer  series.  As  a 
consequence  basal  conglomerates  are  often  almost  the  only  means  of 
discriminating  between  the  newer  and  the  older  series,  and  if  the  meta- 
morphosing Influences  arc  powerful  enough  to  destroy  the  pebbled  char 
actcrofsuch  beds,  changing  them  into  schists  or  gneisses,  as  has  occurred 
in  many  places  in  the  Cambrian  of  the  Appalachians,  this  means  of 
detecting  a  break  between  series  is  also  lost.  The  problem  is  rendered 
still  more  difficult  because  of  the  fact  that  often  when  there  is  a  real 
unconformity  there  has  been  originally  no  basal  conglomerate.  At 
many  localities  in  the  far  West  thebasemenl  fossil iferous  scries  are  built 
up  o\'  tin4,  constituent  minerals  of  the  underlying  rocks  rather  than  of 
large  fragments  of  them,  and  even  when  not  folded  have  sometimes  so 
closely  simulated  the  original  rocks  that  geologists  have  been  at  a  loss 


vanhise.]  DISCUSSIONS    OF    PRINCIPLES.  495 

to  determine  at  wliat  i»]<ni<*  the  elastics  end  and  the  crystallines  begin. 
It*  it  has  proved  difficult  to  separate  the  unfolded  elastics  from  under- 
lying crystallines  liow  much  nunc  difficult  must  it  of  necessity  be  to 
separate  series  that  have  together  been  subjected  to  intense  and  per- 
haps repeated  dynamic  actions. 

The  Algonkian  has  been  defined  as  including  all  recognizable  pre-Oam- 
brian  elastics  and  their  equivalent  crystallines.  In  the  consideration  of 
the  character,  origin,  and  delimitation  of  the  Archean  the  lower  limit  of 
the  Algonkian  has  been  given.  Its  basal  plane  is  the  lowest  of  the 
recognizable  clastic  rocks.  It  has  been  seen  that  there  are  great  dif- 
ferences in  the  ease  of  recognition  of  the  basal  Algonkian  plane  indif- 
ferent regions.  In  the  Uinta  mountains,  in  the  Grand  canyon  region 
of  Arizona,  in  portions  of  the  lake  Superior  region,  in  the  original 
Huronian  region,  and  elsewhere,  between  the  Algonkian  and  the 
Archean,  there  are  great  unconformities,  above  which  are  the  readily 
recognizable  clastic  rocks,  and  below  which  are  the  thoroughly  crystal- 
line basal  complexes.  Even  in  many  regions  in  which  there  have  been 
repeated  foldings  since  Archean  time,  and  in  regions  obscured  by  erup- 
tive activity,  it  is  perfectly  clear  that  a  large  part  of  the  rocks  are 
clastic  and  belong  with  the  Algonkian,  while  other  parts  have  all  the 
characteristics  of  the  iundamental  complex.  Occupying  an  interme- 
diate position  are  occasionally  found  areas  of  rocks  which  can  not  cer- 
tainly be  placed  with  the  Algonkian  or  Archean,  but  this  difficulty  is 
not  peculiar  to  this  separation  any  more  than  to  other  general  recog- 
nized planes,  such  as  that  separating  the  Cambrian  and  Silurian  in 
folded  districts.  Many  of  the  members  of  the  Canadian  Geological 
Survey  have  described  the  Huronian  and  the  Laurentian  as  conform- 
able, with  gradations  between  the  two.  This  apparent  accordance  and 
gradation  is  in  many  cases  due  tc  the  fact  that  placed  with  the  Huro- 
nian are  many  rocks  which  would  under  the  use  of  the  terms  here 
proposed  be  regarded  as  Archean.  In  other  cases  there  are  apparent 
conformities  and  gradations  between  undoubted  elastics  and  the  under- 
lying rocks  having  all  the  characteristics  of  the  fundamental  complex. 
The  significance  of  these  gradations  is  discussed  in  another  place, 
where  it  was  seen  that  they  are  not  inconsistent  with  genuine  struc- 
tural breaks. 

It  has  been  stated  that  the  reasons  for  placing  the  base  of  the  Cam- 
brian at  the  Oienellus  fauna  are  considered  by  Walcott  in  this  series  of 
correlation  papers,  and  that  his  results  are  here  accepted.  It  is,  how- 
ever, to  the  point  to  consider  whether  this  horizon  answers  equally  well 
for  the  upper  limit  of  the  Algonkian.  Evidently  all  the  arguments 
brought  forward  by  Walcott  for  placing  this  fauna  as  the  base  of  the 
Cambrian  apply  as  well  for  considering  the  horizon  below  this  as  upper- 
most Algonkian;  for  the  widespread  character,  both  European  and 
American,  of  the  Olenellns  fauna  makes  it  a  particularly  easy  one  to 
identity  and  therefore  valuable  for  the  purposes  of  discrimination.     In 


496  PRE-CAMBR1AN    ROCKS    OF    NORTH    AMERICA.  I  bull.  88. 

the  lake  Superior  region  and  in  many  other  localities  above  the  upper 
Algonkian  are  unconformities,  the  first  of  the  Cambrian  being  middle 
or  upper.  In  other  regions,  as  in  Newfoundland,  the  upper  Algonkian 
is  marked  by  an  unconformity,  and  the  formation  immediately  above 
bears  the  Olenellus  fauna.  This  is  the  most  favorable  and  clear  case. 
In  the  Wasatch  and  several  other  ranges  of  Utah  and  Nevada,  in . 
British  Columbia,  and  probably  in  the  southern  Appalachians,  below 
the  Olenellus  fossiliferous  Cambrian  are  conformable  series  of  quartz- 
ites  and  slates  of  great  thicknesses.  Are  these  lowest  Cambrian  or 
uppermost  Algonkian?  May  not  the  Olenellus  fauna  in  the  future  be 
found  to  extend  downward  through  a  greater  or  less  thickness  of  these 
apparently  barren  rocks?  If  in  any  region  the  fauna  be  found  to  ex- 
tend downward  for  a  long  way,  it  is  probable  that  species  and  genera 
characteristic  of  the  Olenellus  horizon  as  now  known  will  drop  out  and 
others  appear  which  are  different.  The  Olenellus  would  thus  grade 
into  a  pre-Olenellus  fauna.  Such  a  gradation  will  doubtless  some- 
where be  found,  while  in  other  regions  the  change  from  an  Olenellus 
fauna  to  one  of  a  pre-Olenellus  type  may  occur  abruptly.  In  either 
case  there  will  finally  appear  a  fauna  which  is  not  the  present  known 
Olenellus  fauna,  but  which  is  as  different  from  it  as  is  the  Cambrian 
from  the  Silurian  (Ordovician).  As  the  term  is  here  used,  such  a  fauna 
is  pre- Cambrian,  and  the  rocks  containing  it  are  Algonkian.  In  the 
following  paragraphs  great  barren  inferior  series  conformably  below 
the  known  Cambrian  are  placed  with  the  Algonkian  on  the  ground  of 
probability.  The  presence  of  an  abundant  lower  Cambrian  life  at  a 
certain  horizon  within  the  conformable  succession,  with  apparent  com- 
plete absence  of  life  in  immense  thicknesses  of  rocks  conformably  below, 
which,  so  far  as  lithological  character  is  concerned,  are  equally  likely  to 
bear  fossils,  throws  the  weight  of  evidence  in  favor  of  the  Algonkian 
age  of  these  rocks.  It  is,  however,  more  than  probable  that  some  part 
of  the  conformable  downward  extensions  of  the  Cambrian  which  are 
here  provisionally  referred  to  the  Algonkian  will  in  the  future  be  found 
to  belong  with  the  post- Algonkian. 

The  newest  Proterozoic  or  Algonkian  rocks  of  different  regions  may 
stand  in  different  positions,  just  as  the  superior  rocks  of  the  Paleozoic 
may  in  any  given  region  be  Cambrian,  Silurian,  Devonian,  or  Carbon- 
iferous. 

DIFFICULTIES   IN  ALGONKIAN   STRATIGRAPHY. 

Since  among  the  pre-Cambrian  elastics,  paleontology  is  not  yet  avail- « 
able  in  correlation,  it  is  exceedingly  difficult  to  make  widespread  sub- 
divisions of  the  Algonkian,  such  as  are  made  in  later  time.  The  diffi- 
culty is  further  increased  by  the  unequal  metamorphism  in  different 
regions  of  series  of  the  same  age.  The  Algonkian  is  in  just  such  a 
position  as  regards  wide  correlation  of  its  constituent  series  as  would 
be  the  Paleozoic  and  Mesozoic  if  their  known  fossil  contents  were  so 
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small  as  to  be  useless  tor  the  purposes  of  correlation.  The  structure  of 
individual  districts  and  regions  could  be  worked  out  and  the  formations 
correlated,  but  the  attempt  to  equate  the  Cambrian,  Silurian,  Devonian, 
or  Carboniferous  of  one  region  with  rocks  of  the  same  age  in  a  far  dis- 
tant one  would  be  an  almost  hopeless  undertaking.  In  the  Carbonif- 
erous the  beds  of  coal  would  serve  as  an  important  guide,  but  if  im- 
plicitly followed  and  no  fossils  were  available  the  Triassic  of  Virginia, 
the  Carboniferous  of  the  central  United  States,  and  the  Cretaceous  of 
the  west  would  be  placed  together.  If  the  iron  carbonate  formations 
of  the  Algonkian  in  the  lake  Superior  region,  which  appear  to  be  the 
most  characteristic  of  any  one  kind  of  rock,  were  followed  as  a  guide, 
the  results  would  probably  be  as  far  from  the  truth. 

We  may,  perhaps,  go  so  far  in  some  cases  as  to  correlate  series  which 
occur  in  different  districts  of  the  same  region  whe'n  a  set  of  character- 
istic formations  forming  the  series  occur  in  like  order  and  the  series  as 
a  whole  is  in  the  same  relative  position  to  overlying  and  subjacent 
series,  one  or  both  of  which  are  known  to  be  identical  in  both  districts. 
It  is  probable,  when  several  pre-Cambrian  series  occur  of  the  same 
general  character,  with  like  relations  to  each  other  and  to  the  Archean 
and  Cambrian,  and  not  so  far  apart  as  to  be  outside  of  the  same  geo- 
logical basin,  that  a  provisional  correlation  is  warranted.  While,  then, 
it  is  not  practicable  to  subdivide  the  Algonkian  into  general  systems 
which  shall  cover  the  whole  of  North  America,  it  is  often  possible  so  to 
do  in  a  single  geological  basin,  or  in  adjacent  basins  in  which  the  rela- 
tions  of  the  separate  formations  and  series  can  be  worked  out. 

Before  considering  the  principles  applicable  to  the  subdivision  and  cor- 
relation of  the  Algonkian  series,  it  will  perhaps  be  well  to  review  briefly 
the  regions  in  which  pre-Cambrian  rocks  occur,  and  indicate  their  char- 
acter and  relations,  as  well  as  their  relations  to  the  Archean.  The  order 
followed  is  that  of  the  review  of  literature.  No  attempt  is  made  to  give 
detailed  evidence  for  the  conclusions  stated.  For  this  it  will  be  neces- 
sary to  refer  to  the  fuller  accounts  of  the  several  regions  in  the  previous 
chapters. 

THE   ORIGINAL  LAUEENTIAN   AND   ASSOCIATED    AREAS. 

Iii  this  region  are  Algonkian  rocks  at  the  following  localities :  Hast- 
ings district,  lake  Mpissing,  Ottawa  river,  and  Upper  St.  Lawrence 
river.  The  Grenville  area  of  the  Ottawa  is  the  original  Laurentian 
type  district  and  the  one  mapped  in  most  detail.  While  the  maps  do 
not  connect  these  areas,  the  similarity  of  their  clastic  rocks  is  such  as  to 
indicate  a  present  or  former  continuity,  with  the  exception,  perhaps,  of 
those  of  lake  Mpissing.  The  elastics  consist  of  interstratified  lime- 
stones, quartzites,  conglomerates,  green  slates  and  schists,  mica- 
schists,  hornblende-schists,  and  regularly  bedded  gneisses,  together 
estimated  to  be  thousands  of  feet  thick.  Associated  with  these  are 
diabasic  and  chloritic  rocks,  both  massive  and  schistose. 
Bull.  86 32 
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Iii  the  Hastings  series  there  are  found  considerable  areas  of  peculiar 
volcanic  elastics.  Below  these  rocks  is  a  great  complex  in  every  respect 
like  the  Laurentian  Archean  as  above  defined.  This  latter  system, 
called  usually  Lower  Laurentian,  occupies  the  main  area  of  the  region, 
and  the  elastics  are  in  a  series  of  troughs  within  it.  What  the  relations 
tire  between  the  elastics  and  the  fundamental  complex  has  not  been 
definitely  made  out,  although  Vennor  believes  that  between  the  two  is 
an  unconformity,  and  that  the  elastics  are  infolded  patches.  The  evi- 
dence given  for  this  is,  however,  rather  meager,  and  doubtless  almost 
as  good  a  case  could  be  made  out  with  present  facts  for  the  theory  of 
an  irruptive  contact  between  the  crystallines  and  the  elastics.  The 
Labrador itic  rocks  (gabbros)  found  in  this  region  need  not  be  consid- 
ered in  the  stratigraphical  succession,  as  they  are  eruptives  of  later  age 
than  the  clastic  series.  Besides  this  erur>tive,  other  acid  and  basic 
eruptives  cut  the  bedded  succession. 

To  the  elastics,  Logan,  Murray,  Vennor,  and  all  who  have  worked  in 
this  region  recognized  that  ordinary  stratigraphical  methods  could  be 
applied.  The  persistence  of  the  bands  of  limestones  is  such  as  to  ena- 
ble them  to  be  traced  for  long  distances.  Although  the  problem 
was  a  difficult  one,  a  detailed  mapping,  with  sections,  has  been  submit- 
ted for  a  small  part  of  the  area.  The  structural  relations  and  correla- 
tions which  Vennor  first  gave  differ  greatly  from  his  final  ones,  and  it 
may  be  that  even  in  the  areas  in  which  detailed  mapping  was  attempted 
that  serious  mistakes  had  been  made;  but  if  this  be  true,  the  region  is 
in  no  respect  different  from  any  other  in  which  the  structure  is  difficult. 

All  of  the  pre-Cambrian  rocks  here  found  were  supposed  by  the 
Canadian  geologists  to  be  lower  in  the  geological  column  than  the 
Huronian  of  lake  Huron.  Upon  the  last  point  no  positive  evidence  is 
at  hand.  The  two  rock  series  do  not  come  together.  In  the  most  west- 
ern Hastings  district  of  the  Laurentian,  the  elastics,  in  lithological 
character,  degree  of  crystallization,  and  amount  of  folding  are  inter- 
mediate between  the  Laurentian  and  Huronian  of  the  type  areas.  At 
first  the  Hastings  elastics  were  correlated  by  Vennor  with  the  Huron- 
ian, and  with  this  correlation  certain  of  the  official  Canadian  geologists 
now  agree,  but  afterwards  they  were  traced  with  breaks  of  not  very 
great  distances  to  the  original  Laurentian  area  and  have  always  been 
thus  mapped. 

THE   ORIGINAL  HURONIAN. 

The  Original  Huronian  of  the  north  channel  of  lake  Huron  consists : 
of  comparatively  little- altered  quartzites,  slates,  slate- conglomerates, 
graywackes,  cherts,  and  limestones  having  a  total  thickness  of  18,000 
feet,  counting  considerable  masses  of  interstratified  greenstone  which 
are  recognized  as  eruptives.  Eecent  observations  render  it  probable 
that  these  rocks  are  to  be  divided  into  two  unconformable  series,  the 
lower  of  which  is  5,000  feet  and  the  upper  13;000  feet  thick.    The  firsjb  ] 
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would  thus  l>e  properly  designated  as  Lower  Hiiro nian  and  the  second 
as  Upper  Huronian.  Although  cut  locally  by  later  granites,  the  lowest 
member  of  the  inferior  series  is  separated  from  the  basement  complex 
by  a  great  unconformity.  The  upper  members  rest  uiiconformably 
below  the  Potsdam  sandstone.  The  upper  series  is  so  gently  folded 
that  the  careful  work  of  Logan  and  Murray  enabled  them  to  map  these 
rocks  in  detail  and  to  work  out  their  structure.  This  has  been  done 
for  a  considerable  district  with  as  much  certainty  and  accuracy  as  in 
many  areas  among  the  fossiliferous  xocks.  The  rocks  were  divided  into 
a  number  of  formations,  which  were  found  to  be  persistent  throughout 
the  district.  They  were  traced  as  a  broad  belt  for  several  hundred 
miles  in  a  general  direction  northeast.  Along  the  Canadian  Pacific 
railway  as  far  as  Sudbury  and  in  the  vicinity  of  Sudbury  more  than  a 
general  study  of  this  great  area  has  been  made.  The  clastic  rocks  of 
this  part  of  the  region  have  the  same  general  character  as  the  type 
district,  but  in  the  Sudbury  district  there  are  peculiar  contemporaneous 
volcanic  elastics.  In  the  little  studied  remainder  of  the  region,  as 
mapped,  numerous  granitic  and  gneissic  areas  are  included,  some  of 
which  may  be  subsequent  intrusives,  but  many  of  which  probably  rep- 
resent the  underlying  Archean. 

LAKE   SUPERIOR  REGION. 

In  the  lake  Superior  region,  between  the  Archean  and  the  Pots- 
riam  sandstone,  the  great  Algonkian  system  is  subdivided  into  three 
eries,  which  are  separated  by  very  considerable  unconformities.  The 
lowest  series  is  closely  folded,  semicrystalline,  and  consists  of  lime- 
tones,  quartzites,  mica-slates,  mica-schists,  schist-conglomerates,  and 
ferruginous  and  jaspery  beds,  intersected  by  basic  dikes,  and  in  certain 
areas  also  by  acid  eruptives.  It  includes  volcanic  elastics,  often  agglom- 
ratic,  and  a  green  chloritic,  finely  laminated  schist.  The  thickness  of 
his  series  has  not  been  worked  out  with  accuracy,  but  at  its  maxi- 
num  it  is  probably  more  than  5,000  feet.  As  the  term  Huronian  has 
jeen  for  many  years  applied  not  only  to  the  Upper  Huronian  series,  but 
:o  this  inferior  scries  about  lake  Superior,  it  is  called  Lower  Huronian. 

Above  this  series  is  a  more  gently  folded  one  of  conglomerates,  quartz- 
tes,  shales,  slates,  mica-schists,  ferruginous  beds,  interbedded  and  cut 
)y  greenstones,  the  whole  having  a  maximum  thickness  of  at  least 
2,000  feet.  In  the  Animikie  district  a  fossil  track  has  been  found,  aud 
n  the  Minnesota  quartzites  lingula-like  forms  as  well  as  an  obscure  trilo- 
)itic-looking  impression.  Carbonaceous  shales  are  abundant.  In  its  vol- 
ime,  degree  of  folding,  and  little  altered  character  the  Upper  Huronian 
sin  all  respects  like  the  upper  series  of  the  original  Huronian,  and 
:an  be  correlated  with  it  with  a  considerable  degree  of  certainty.  Above 
he  Upper  Huronian  is  the  great  Keweenawan  series,  estimated  at  its 
aaximum  to  be  50,000  feet  thick,  although  its  average  thickness  is 
auch  less.    Its  lower  division  consists  largely  of  basic  and  acid  vol- 
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canic  flows,  but  contains  thick  beds  of  inter  stratified  sandstones  and 
conglomerates',  especially  in  its  upper  part.  The  upper  division,  15,000 
feet  tliick,  is  wholly  of  detrital  material  which  is  largely  derived  from 
the  voleanics  of  the  same  series. 

The  unconformity  which  separates  the  Lower  Huronian  from  the 
Upper  Huronian  and  that  which  separates  the  latter  from  the  Kewee- 
nawan  each  represents  an  interval  of  time  sufficiently  long  to  raise  the 
land  above  the  sea,  to  fold  the  rocks,  to  carry  away  thousands  of  feet 
of  sediments,  and  to  depress  the  land  again  below  the  sea.  That  is, 
each  represents  an  amount  of  time  which  perhaps  is  as  long  as  any  of 
the  periods  of  deposition  themselves.  In  parts  of  the  region  the  lowest 
clastic  series  rest  unconformably  upon  the  fundamental  complex,  but 
in  certain  areas  the  relations  have  not  been  ascertained.  The  tipper  of 
the  three  clastic  series,  the  Keweenawan,  rests  unconformably  below 
the  Cambrian. 

In  the  lake  Superior  region  it  has  been  possible  with  a  considerable 
degree  of  certainty  to  refer  the  detached  areas  of  pre-Cambrian  clastic 
rocks  to  one  or  another  of  the  three  series  mentioned,  although  there 
have  been  aharp  differences  of  opinion  with  reference  to  certain  of  the 
areas.  It  has  been  possible  further  to  subdivide  the  series  into  forma- 
tions, some  of  which  have  a  widespread  extent  within  the  region.  The 
best  results  in  correlating  the  subdivisions  within  the  series  have  been 
reached  in  the  Penokee  and  Animikie  districts. 

Correlations  of  series  in  this  region  have  been  based  upon  uncon- 
formity, upon  lithological  similarity,  upon  the  belief  that  the  greater 
dynamic  movements  which  have  affected  the  region  have  been  wide- 
spread, and  upon  degree  of  crystallization  of  the  rocks.  The  correla- 
tion of  the  formations  within  a  given  series  has  been  based  upon  litho- 
logical characters  and  upon  a  similar  succession  of  like  beds. 

THE   BEGION   ABOUT  HUDSON   BAY. 

Within  the  main  Canadian  area  of  pre-C5ambrian  in  the  region  about 
Hudson  bay  exist  several  troughs  in  which  there  certainly  occur  frag- 
mental  rocks  such  as  slate-conglomerate,  limestone,  and  dolomite. 
These  are  associated  with  " imperfect"  gneisses,  a  great  variety  of 
schists,  and  schistose  and  jaspery  iron  ores.  The  Marble  island  series, 
with  that  of  the  adjacent  shore,  is  closely  analogous  in  lithological 
character  to  the  Upper  Huronian,  while  the  more  crystalline  phases 
resemble  the  Lower  Huronian.  The  chief  indication  available  as  to 
the  relations  of  these  rocks  to  the  basal  complex  is  the  presence  in  the 
slate  conglomerates  of  syenite  pebbles,  like  the  rocks  of  the  under- 
lying crystallines.  Resting  unconformably  upon  the  foregoing  elas- 
tics and  upon  the  basal  complex  is  the  Manitounuck  series,  which 
consists  of  siliceous  and  argillaceous  limestones,  sandstones,  quartz- 
ites,  shales,  ironstones,  writh  interbedded  amygdaloids  and  basalts, 
all  the  members  of  the  series  being  in  a  practically  unmetamorphosew 
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condition.  This  series,  in  its  structural  and  lithological  characteris- 
tics is  remarkably  like  the  Keweenawan  of  lake  Superior,  and  its  dis- 
tance from  the  nearest  area  of  this  series,  the  Nipigon,  is  not  very 
great,  so  that  its  correlation  with  the  Keweenawan  can  be  made  with 
a  fair  degree  of  probability.  There  are  then  about  Hudson  bay,  between 
the  Cambrian  and  the  Archean,  at  least  two,  and  perhaps  three,  series 
of  rocks,  the  uppermost  of  which  rests  upon  the  lower  series  uncon- 
formably. 

OTHER  REGIONS  OF  NORTHERN  CANADA. 

Too  little  is  known  of  the  vast  expanse  of  pre-Cambrian  rocks  which 
constitute  the  northern  parts  of  Canada  to  make  any  definite  state- 
ments. It  is,  however,  evident  that  rocks  lithologically  like  the 
Archean  of  the  previous  regions  discussed  constitute  the  great  area. 
It  is  equally  plain  that  within  this  area,  at  various  districts,  are  rocks 
which  show  undoubted  evidences  of  clastic  characters  as  shown  by  the 
presence  of  limestones,  schistose  conglomerates,  volcanic  elastics,  etc., 
which  have  a  lithological  likeness  to  the  Keweenawan,  Upper  or  Lower 
Huronian  of  lake  Superior,  but  which  can  not  yet  be  closely  located. 
The  Huronian  area  of  the  north  channel  of  lake  Huron  extends  to  an 
unknown  distance  in  a  north  and  northeast  direction.  Also,  it  is  by 
no  means  certain  that  many  of  the  rocks  referred  by  Dawson  to  the 
Cambrian  are  not  really  pre-Cambrian,  as  used  in  this  essay.  The 
Coppermine  series,  for  instance,  in  its  lithological  character  and  posi- 
tion, is  such  as  to  lead  to  a  comparison  of  it  with  the  Keweenawan  or 
Animikie  of  the  lake  Superior,  or  both.  But  the  structural  work  in 
this  vast  area  can  be  considered  but  as  barely  begun. 

THE  EASTERN  TOWNSHIPS. 

In  the  Eastern  Townships  there  is  unconformably  below  the  fossilifer- 
ous  Cambro- Silurian  a  series  of  little  altered  slates  which  rests  uncon- 
formably upon  crystalline  or  semicrystalline  schists.  These  have  been 
regarded  by  the  Canadian  geologists  as  Lower  Cambrian,  although  in 
them  no  fossils  have  been  found.  In  position  and  lithological  charac- 
ter they  are  compared  with  the  gold-bearing  slates  of  Nova  Scotia.  As 
the  Canadian  Geological  Survey  uses  the  term  Cambrian,  including  the 
Auimikie  and  Keweenawan,  this  series  is  probably  Cambrian,  but,  mak- 
ing the  basal  Cambrian  as  is  done  in  this  essay  the  series  bearing  the 
Olenellus  fauna,  it  is  probable,  although  not  certain,  that  this  series  of 
slates  is  pre-Cambrian  and  Upper  Algonkian.  Of  the  series  of  schists 
unconformably  below  this  series  there  are  no  very  lull  descriptions.  It, 
however,  includes  mica-slates,  staurolitic  schists,  crystalline  limestones, 
argillites,  and  graphitic  schists,  and  with  these  volcanic  elastics.  This 
is  certainly  a  clastic  series  in  part  at  least.  The  whole  is  associated  with 
granites  which  are  regarded  by  Ells  as  intrusives  in  the  schists,  and 
one  of  the  causes  of  their  metamorphism,  but  by  Selwyu  are  supposed 
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to  be  the  elastic  series  in  a  more  metamorphosed  condition.  In  this 
region  it  is  probable  that  the  fundamental  complex  does  not  appear, 
the  lowest  series  found  being  a  clastic  one  which  is  to  be  placed  in 
the  Algonkian.  The  lithological  character  of  the  Lower  Algonkian 
crystalline  series  more  nearly  resembles  the  Upper  Laurentian  of  the 
original  Laurentian  area  than  any  other.  The  unmetamorphosed  slate 
and  quartzite  series  unconformably  above  it  can  not  now  safely  be  cor- 
related with  any  of  the  clastic  series  to  the  west.  It  may  be  that  it  is 
Upper  Huronian  or  later. 

SOUTHERN  NEW   BRUNSWICK. 

In  southern  New  Brunswick,  while  the  geology  is  exceedingly  com- 
plicated, and  the  later  conclusions  of  the  official  geologists  differ  funda- 
mentally from  those  earlier  held,  it  is  plain  that  there  exists  here  a  pre- 
Cambrian  clastic  series  of  great  thickness.  The  wholly  crystalline  gran- 
ites, gneisses,  etc.,  at  the  base,  in  their  general  lithological  descriptiod 
resemble  the  Archean  of  the  West,  but  from  present  evidence  it  is  im- 
possible to  decide  whether  these  are  subsequent  intrusives,  the  prod- 
uct of  complete  metamorphism  of  the  clastic  series,  or  are  a  basement 
complex.  The  geologists  who  have  described  the  region  clearly  main- 
tain that  this  series  is  more  ancient  than  the  oldest  associated  elastics, 
although  the  relations  strongly  suggest  the  possibility  of  an  eruptive 
contact  between  the  latter  and  the  granites  and  gneisses.  The  older 
series  of  elastics,  called  the  Upper  Laurentian,  does  not  have  a  great 
thickness,  consists  of  quartzites,  slates,  and  crystalline  limestone  inl 
terstratified  with  argillites,  slate- conglomerates,  and  gneisses.  This 
series  in  its  lithological  character  is  like  the  original  Upper  Lauren- 
tian. Above  it,  conforming  with  this  series  and  the  granites  and' 
gneisses,  is  the  Coldbrook  series,  which  is  very  largely  composed  of  sur- 
face volcanic  flows  and  elastics.  Above  this  are  the  Coastal  and  King- 
ston series,  which  are  wholly  unmetamorphosed  clastic  rocks,  associated 
with  contemporaneous  eruptives.  Between  the  two  is  something  of  an 
unconformity,  but  it  is  not  thought  by  the  New  Brunswick  geologists 
to  have  marked  a  considerable  epoch  of  time.  The  two  upper  series  canj 
not  certainly  be  correlated  with  series  in  other  parts  of  Canada  and 
about  lake  Superior,  but  not  improbably  they  belong  above  the  horizon 
of  the  Lower  Huronian,  being  perhaps  equivalent  to  the  Upper  Huro- 
nian or  Keweenawan,  or  with  the  erosion  intervals  which  separate  these 
series. 

NOVA   SCOTIA  AND   CAPE   BRETON. 

In  Cape  Breton  the  relations  between  the  basal  complex  and  the 
George  river  limestone  series  are  identical  with  those  between  the  basal 
complex  and  the  so-called  Upper  Laurentian  of  southern  New  Brunswick; 
i.  e.,  there  is  here  a  clastic  series  and  a  granitoid  gneiss  series  in  which 
it  is  impossible  to  say  definitely  whether  the  relations  are  those  caused 
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by  an  eruptive  contact  or  whether  the  crystalline  complex  is  older  than 
the  clastic  series,  the  latter  being  deposited  upon  it. 

In  Nova  Scotia  the  great  gold-bearing  series  of  the  Atlantic  coast,  of 
unknown  thickness,  mapped  by  the  Canadian  Survey  as  Cambrian, 
may  be  pre-Cambrian  as  terms  are  here  used.  It  contains  the  evidence 
of  life  in  Eophyton,  but  this  does  not  forbid  regarding  it  as  Algonkian 
in  our  sense  of  the  term.  The  series  may  be  as  high  as  the  Cambrian, 
or  it  may  be  the  equivalent  of  one  or  more  of  the  pre-Cambrian  series. 
In  this  region  the  relations  of  the  granites  and  gneisses  to  the  gold- 
bearing  slates  are  such  as  to  demonstrate  with  a  reasonable  degree  of 
probability  that  the  granites  are  intrusive,  although  they  have  been 
regarded  by  certain  writers  as  metamorphic.  This  fact  suggests  that 
a  part  of  the  granite  of  the  fundamental  complex  of  southern  New 
Brunswick  and  Cape  Breton  may  also  be  a  later  eruptive,  but  even  if 
this  were  the  case  it  would  not  demonstrate  the  absence  of  an  earlier 
granite-gneiss  series. 

NEWFOUNDLAND. 

In  Newfoundland  is  a  clear  case  of  a  great  series  of  rocks  of  perhaps 
10,000  feet  thick,  referred  to  the  Huronian  by  Murray,  which  is  a  part 
of  the  Algonkian.  Here  is  found  the  Oleuellus  fauna  in  the  basal  Cam- 
brian rocks,  and  these  are  separated  by  an  unconformity  from  the  under- 
lying clastic  series,  in  which,  however,  has  been  discovered  two  or  three 
fossils  of  a  low  type.  What  the  relations  of  this  lower  slate  series  are 
to  the  crystalline  granite-gneiss  which  has  been  referred  to  the  Lau- 
rentian  is  uncertain.  No  evidence  is  available  showing  that  lower 
than  this  slate  series  are  any  elastics.  Certain  of  the  granites  of  the 
island  of  Newfoundland  are  iiitrusives  of  later  age  than  the  slates,  some 
of  them  being  as  recent  as  Carboniferous;  so  that  it  is  not  impossible 
that  many  of  the  granites,  syenites,  and  porphyries  referred  to  the  Lau- 
rentian  may  be  of  far  later  age. 

THE  BLACK  HILLS. 

In  the  Black  hills  is  a  great  series  of  slates,  quartzites,  quartzose 
conglomerates,  mica-schists,  and  mica-gneisses  of  unknown,  although 
probably  of  great,  thickness.  These  are  cut  both  by  intrusive  granites 
and  basic  rocks  of  Algonkian  age  and  by  eruptives  of  later  time.  All 
of  the  clastic  rocks  are  more  or  less  metamorphosed  by  the  contact  and 
dynamic  action  to  which  they  have  been  subjected,  and  adjacent  to  the 
great  batholites  of  granite  they  have  become  thoroughly  crystalline. 
In  degree  of  folding,  crystalline  character,  and  mineral  composition 
they  resemble  the  Lower  Huronian  of  the  lake  Superior  region  nearer 
than  any  other  series.  They  are  separated  from  the  Potsdam  sand- 
stone by  a  very  great  unconformity,  that  formation  resting  upon  them 
in  a  wholly  unfolded  condition,  while  the  prominent  secondary  struc- 
tures of  the  underlying  series  are  nearly  vertical  and  the  bedding  is  in 
a  series  of  sharp  folds.    No  pre- Algonkian  rocks  are  here  known. 
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MISSOURI. 

The  Algonkian  elastics  of  Missouri  are  a  group  of  isles  surrounded 
by  Paleozoies.  Tliey  consist  of  limestones,  slates,  iron  ores,  and  con- 
glomerates, the  most  of  the  debris  of  which  is  from  porpliyries  and  are 
interbedded  with  surface  quartz-porphyry  flows,  which  make  up  the 
greater  part  of  the  volume  of  the  series.  There  are  here  also  granites, 
which  are  probably  of  the  same  age.  If  this  is  the  case  no  rocks  older 
than  the  Algonkian  are  here  known.  The  series  shows  conclusive  evi- 
dence of  vast  denudation  before  the  horizontal  Cambrian  was  deposited 
upon  it.  The  lithological  character  of  the  series  is  intermediate  be- 
tween the  Upper  Huronian  and  Keweenawan  of  the  lake  Superior 
region,  and  it  may  stand  as  the  equivalent  of  one  or  the  other  of  these, 
or  in  an  intermediate  position. 

TEXAS. 

In  Texas  the  Algonkian  is  represented  by  the  Llano  series  of  Wal- 
cott  or  the  Texian  series  of  Comstock  and  by  the  Fernandian  of  Corn- 
stock.  The  first  series  consists  of  gently  folded  shales,  sandstones, 
limestones,  and  schists  with  ferruginous  beds,  and  is  cut  by  both  basic 
and  acid  eruptives.  It  is  for  the  most  part  very  little  metamorphosed, 
and  is  said  to  repose  unconformably  upon  the  Fernandian.  The  Fer- 
nandian series  consists  of  quartzites,  ferruginous  rocks,  carbonaceous 
schists,  chloritic  slates  and  shales,  calcareous  rocks,  and  other  acidic 
and  basic  schists.  It  is  now  a  rather  crystalline  series,  but  it  is  clearly, 
in  part  at  least,  of  clastic  origin.  The  series  is  cut  by  numerous  erup- 
tives, both  basic  and  acidic,  of  which  granite  is  the  most  prominent.  As 
to  the  relations  of  the  clastic  series  to  the  Burnetian  (Archean),  they 
are  believed  by  Comstock  to  be  unconformably  above  it.  They  are 
separated  by  a  great  unconformity  from  the  Cambrian  sandstone. 
Comstock  correlates  the  Texian  with  the  entire  Grand  canyon  clastic 
section,  which,  if  true,  and  the  above  supposed  relations  correct,  make 
the  Fernandian  rather  low  Algonkian. 

MEDICINE  BOW  RANGE. 

In  the  Medicine  Bow  mountains,  the  clastic  series  of  Medicine  and  Mill 
peaks,  consisting  of  slates,  cherts,  siliceous  limestones,  quartzites,  and 
conglomerates,  all  of  considerable  thickness,  appear  to  be  conformable 
with  the  more  crystalline  granite-gneiss  complex.  The  only  evidence 
that  there  is  a  break  between  the  two  is  the  presence  of  granite  and 
gneiss  fragments  in  the  lower  parts  of  the  clastic  series.  In  degree  of 
crystallization  and  lithological  character  this  Algonkian  series  is  like 
the  Lower  Huronian  of  the  lake  Superior  country. 

SOUTHWESTERN   MONTANA. 

Tn  southwestern  Montana  the  Algonkian  is  probably  represented  by 
two  series.     The  upper  series  consists  of  12,000  or  15,000  feet  of  unal- 
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tered  strata,  mostly  shales.  The  lower  consists  of  completely  crystal- 
fine  regularly  bedded  gneisses,  quartz -schists,  quartzites,  chlorite  schists 
and  mica-schists.  The  upper  series,  the  topmost  of  the  Algonkian,  is 
separated  from  the  Archean  by  a  great  unconformity.  The  relations 
of  the  lower  series  of  the  Algonkian  to  the  basal  complex  are  unknown, 
but  it  is  known  to  lie  unconformably  below  the  Cambrian.  Also  the  t  w<  > 
Algonkian  series  are  not  found  in  contact,  but  that  there  are  two  series 
is  indicated  by  the  facts  that  one  of  them  is  conformably  below  the 
Cambrian  while  the  other  is  not,  and  the  first  is  nearly  unaltered  while 
the  second  is  crystalline.  There  is  no  sufficient  information  upon  which 
to  correlate  either  of  the  Algonkian  series  with  the  region  about  lake 
Superior.  The  affinities  of  the  Upper  Algonkian  are  rather  with  prob- 
able Algonkian  series  to  the  west  yet  to  be  considered. 

THE   UINTA  MOUNTAINS. 

An  ancient  clastic  series  in  the  Uinta  mountains  covers  an  area  of 
several  thousand  square  miles.  This  series,  12,500  feet  in  thickness,  is 
one  of  red  quartzites  and  sandstones,  interstratified  with  layers  of  slate 
and  ferruginous  shale.  It  rests  upon  the  upturned,  truncated  edges 
of  a  thoroughly  crystalline  complex  which  is  probably  the  equiva- 
lent of  the  Archean  of  other  regions.  It  is  unconformably  below  the 
Carboniferous.  There  is,  then,  no  definite  evidence  upon  which  this 
series  can  be  referred  to  the  Algonkian.  It,  however,  in  lithological 
character,  absence  of  fossils,  and  position,  is  more  nearly  analogous 
with  the  quartzite  series  of  the  Upper  Huronian  than  any  other  to  the 
east,  but  the  distance  which  separates  it  from  the  Upper  Huronian  is 
so  great  as  to  render  correlation  on  this  ground  very  unsafe.  The  series 
may,  with  more  probability,  be  regarded  as  the  equivalent  of  the  slates 
of  southwestern  Montana  and  the  probable  Upper  Algonkian  of  the 
Wasatch  to  be  considered.  Also  it  is  possible  that  it  may  not  be  Algon- 
kiau  at  all,  but  Cambrian  or  Silurian. 

THE  WASATCH  MOUNTAINS. 

In  the  Wasatch  mountains  the  Algonkian  is  probably  represented 
by  one  series,  and  perhaps  by  two.  The  supposed  Upper  Algonkian  is 
a  series  of  quartzites,  sandstones,  and  micaceous  shales  and  mica-schists 
1 2,000  feet  in  thickness.  It  is  possible  that  below  this  series,  separated 
by  an  unconformity,  is  another  more  ancient  and  crystalline  series  which 
belongs  with  the  Algonkian,  represented  by  the  small  area  of  quartz- 
ites and  quartz -schists  at  the  foot  of  the  Cottonwood  canyons.  The 
Upper  Algonkian  is  separated  by  a  great  unconformity  from  the  Archean. 
Its  relations  to  the  supposed  older  series  of  elastics  in  the  lower  Cotton- 
wood are  not  made  out,  but  it  rests  conformably  under  the  Olenellus 
Cambrian,  and  therefore  if  not  Cambrian  is  uppermost  Algonkian.  This 
series  occupies  the  same  position  as  the  series  of  slates  in  southwestern 
Montana,  and  the  two,  as  has  been  said,  are  perhaps  the  equivalent  of 
the  Uinta  series. 
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PROMO  NTOKY    RIDGE,    ANTELOPE    AND    FREMONT   ISLANDS. 

In  this  range  are  a  series  of  mica-schists,  quartzites,  argillites,  which 
are  occasionally  calcareous,  rocks  which  are  probably  clastic  and  there- 
fore represent  the  Algonkian.  The  relations  of  this  series  to  the  Ar- 
ch ean  complex  are  not  known.  At  Promontory  point  it  rests  uncon- 
formably  under  the  Weber.  The  rocks  on  Antelope  and  Fremont  isl- 
ands are  regarded  as  of  the  same  age  because  of  their  likeness  to  the 
Promontory  point  rocks  and  they  are  believed  to  be  pre-Cambrian 
because  no  Cambrian  or  post-Cambrian  rocks  in  this  region  are  more 
than  indurated; 

THE   AQUI  MOUNTAINS. 

In  the  Aqui  mountains  the  probable  Algonkian  consists  of  a  series 
of  quartzites  6,000  feet  thick  containing  beds  of  conglomerate  with  i 
argillaceous  schists  and  imperfect  mica-schists.     This  series  rests  upon 
the  granite,  winch  is   presumably  a  part  of  the  basal  complex.     It  ifl 
conformably  below  the  basal  Cambrian,  stands  as  Upper  Algonkian,, 
and  may  be  correlated  with  the  Wasatch  Algonkian. 

SCHELL   CREEK,    EGAX,    POGONIP   OR  WHITE    PINE,    AND   PINON   RANGES. 

In  the  Schell  creek  range  the  probable  Algonkian  is  represented  by 
heavy  bodies  of  quartzite.  In  the  Egan  range  the  probable  Algonkian 
is  represented  by  a  series  of  thoroughly  vitrified  quartzites  several 
thousand  feet  thick,  containing  quartzitic  and  micaceous  schists.  Iu 
the  Pogonip  range  it  is  represented  by  micaceous,  arenaceous,  and, 
argillaceous  slates  and  shales  and  by  vitreous  quartzite,  the  series  be.; 
ingof  undetermined  thickness.  In  the  Pifion  range  it  is  represented 
by  quartzites  underlain  by  mica -schists  and  quartzitic  schists  having 
a  total  thickness  of  5,000  feet.  In  all  of  these  ranges  these  series  rest 
nnconformably  upon  the  Archean  and  are  conformably  under  basal^ 
Cambrian.  They  therefore  are  probably  Upper  Algonkian  and  stand 
as  the  equivalent  of  the  Wasatch  Algonkian. 

FRONT  RANGE   OF    COLORADO. 

In  the  district  of  Ralston,  Coal,  Boulder,  and  Thompson  creeks  oi 
the  Front  range  of  Colorado  the  Algonkian  is  represented  by  quartz- 
ites, quartz-schists,  mica-schists,  and  schist-conglomerates,  the  thick- 
ness of  the  series  being  unknown,  but  certainly  more  than  1,000  feet. 
The  series  has  become  very  nearly  crystalline.  Its  structural  relation] 
to  the  basal  complex  are  not  surely  known.  It  appears  to  grade  down- 
ward into  these  rocks,  but  this  may  be  merely  a  superinduced  conform- 
ity. The  series  of  schistose  rocks  in  the  Front  range,  referred  by^ 
King  to  the  Huronian  and  estimated  at  25,000  feet  thick,  probably 
belong  in  large  part  to  the  fundamental  complex. 
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THE   QUARTZITE   MOUNTAINS. 

In  the  Quartzite  mountains  the  Algonkian  is  represented  by  a  series 
of  quartzites,  interstratined  with  slates  Several  thousand  feet  thick. 
The  series  had  suffered  powerful  dynamic  action,  being  turned  on  end 
and  deeply  truncated  before  Carboniferous  time.  The  relations  of  this 
series  to  the  Archean  are  not  certainly  knoAvn,  but  all  the  evidence 
points  toward  the  conclusion  that  the  Algonkian  is  of  later  age  and 
that  between  it  and  the  Archean  is  a  great  unconformity. 

GRAND  CANYON  OF  THE  COLORADO. 

The  Algonkian  in  the  Grand  canyon  region  is  represented  by  three 
series,  the  Chuar,  the  Grand  canyon,  and  the  Vishnu.  The  dinar 
series  consists  of  shales  and  limestones,  over  5,000  feet  thick.  It  con- 
tains a  fauna  of  a  pre-Cambrian  type,  including  at  least  five  distinct 
forms.  The  Grand  canyon  series  is  of  sandstones,  with  basic  lava  flows 
in  its  upper  part,  and  is  nearly  7,000  feet  thick.  The  Vishnu  series  con- 
sists of  bedded  quartzites  and  schists,  cut  by  intrusive  granite,  and  is 
known  to  be  at  least  1,000  feet  thick,  but  how  much  thicker  has  not- 
been  determined,  as  it  has  not  been  measured  to  its  base.  The  Chuar 
rests  upon  the  Grand  canyon  and  between  the  two  is  a  minor  uncon- 
formity. The  Grand  canyon  rests  upon  the  Vishnu  and  between  the 
two  is  another  unconformity.  The  Ohuar  and  Grand  canyon  sediments 
are  wholly  unmetamorphosed,  while  the  Vishnu  sediments  are*  indurated 
quartzites  and  semicrystalline  schists.  Between  these  series  as  a  whole 
and  the  underlying  Archean  complex  is  a  very  great  unconformity. 
Between  the  Ohuar  and  the  Tonto  sandstone  (Upper  Cambrian)  there 
is  another  unconformity  sufficient  to  have  caused  the  cutting  across  of 
at  least  10,000  feet  of  the  flexed  beds  of  the  Grand  canyon  and  Ohuar 
series.  In  this  region  is  the  fullest  known  succession  of  Algonkian 
rocks  in  the  United  States,  with  the  exception  of  the  lake  Superior  re- 
gion. The  statement  would  not  be  warranted  that  the  series  here  found 
stand  as  the  equivalent  of  like  series  in  the  latter  region,  but  there  is 
a  remarkable  lithological  likeness  both  in  the  detrital  and  eruptive  ma- 
terial of  the  Ohuar  and  Grand  canyon  to  the  Keweenawan.  Also  these 
series  occupy  a  position  of  unconformity  below  the  Upper  Cambrian,  as 
does  the  Keweenawan,  and  is  separated  by  an  unconformity  from  a 
series  of  quartzites  and  quartz- schists  which  are  analogous  to  the 
Huronian.  This  latter,  Vishnu  series,  is  not  well  known,  so  that  it  is 
unsafe  to  assert  whether  it  is  nearer  like  the  Lower  or  the  Upper 
Huronian  of  the  lake  Superior  region. 

BRITISH   COLUMBIA. 

The  recent  work  of  Dawson  appears  to  show  that  in  British  Colum- 
bia there  is  a  widespread  series  of  Algonkian  of  great  thickness.  It 
consists  of  argillites,  argillite -schists,  quartzites,  conglomerates,  and 
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limestones.  Between  this  series  and  tile  Areheau  there  is  evidence  of 
a  great  physical  break,  although  the  two  are  in  apparent  conformity. 
The  series  in  one  section  rests  conformably  below  the  Olenellus  Cam- 
brian and  the  whole  is  regarded  by  Dawson  as  Cambrian,  but  as  terms 
are  used  in  this  paper  it  is  probably  in  part  or  in  whole  Upper  Algon- 
kian.  By  Dawson  the  series  is  compared'  with  the  Wasatch  Algonkian 
and  the  Chuar  and  Grand  canyon  series. 

THE   ADIRONDACK^. 

In  the  Adirondacks  is  a  core  of  gabbro  about  which  in  a  peripheral 
manner  is  a  great  series  of  regularly  bedded  gneisses,  quartz -schists, 
and  crystalline  limestones  which  are  often  ferruginous  or  graphitic.  At 
times  in  the  gneissic  series  are  beds  of  graphitic  schist  of  sufficient 
richness  to  serve  as  graphite  mines.  While  the  interior  structure  of 
the  rocks  of  this  series  now  shows  no  positive  clastic  characteristics, 
the  limestones,  graphitic  schists,  and  regularity  of  what  appears  to  be 
bedding  in  the  gneisses  leave  but  little  doubt  that  the  series  was  orig- 
inally clastic  and  belongs  with  the  Algonkian.  The  studies  of  Walcott 
render  it  probable  that  there  is  here  also  a  basal  complex,  and  along  the 
contact  Hues  of  the  series  Walcott  has  discovered  evidence  of  an  uncon- 
formity. This  Algonkian  is  so  remarkably  like  the  not  far  distant 
original  Upper  Laurentian  in  the  neighborhood  of  Ottawa  that  one 
can  not  doubt  that  the  two  are  or  once  were  continuous. 

OTHER  ALGONKIAN  AREAS. 

Besides  the  foregoing  list  of  areas  in  which  it  is  certain,  or  nearly 
certain,  that  there   are  Algonkian  rocks,  the   indefinite  knowledge 
available  of  many  other  districts  indicates  the  presence  of  series  which 
probably  fall  within  this  period.    In  much  of  the  work  in  the  West  the 
pre-Cambrian  rocks  are  treated  as  a   unit,  being  spoken  of  as  the  j 
metamorphic  group,  absolutely  no  attempt  being  made  to  treat  them 
upon  a  structural  basis.    This  was  natural  in  pioneer  work,  but  the 
fact  that  so  many  extensive  areas  of  pre-Cambrian  elastics  have  been  I 
discovered  in  districts  where  closer  work  has  been  done,  suggests  that  j 
in  the  future  there  will  be  discovered  many  new  series  of  pre-Cambrian  ] 
elastics.    The  most  extensive  areas  which  will  be  found  to  swell  this  ; 
system  will  doubtless  be  found  in  the  vast  stretches  of  pre-Cambrian 
rocks  of  Canada,  but  similar  series  may  be  found  in  central  New  Brans-  j 
wick,  in  Gaspe  peninsula,  in  the  Wind  river  and  Teton  ranges  of  Wyo-  | 
ming,  in  a  number  of  the  desert  ranges  of  Utah  and  Nevada,  in  South-  j 
era  California,  and  in  the  Appalachians.     In  this  last  and  most  difficult  j 
region,  the  recent  work  of  Prof.  Pumpelly's  corps  appears  to  indicate 
that  a  subdivision  of  the  pre-Cambrian  will  be  accomplished  in  Ver- 
mont, and  it  is  rather  probable  that  in  the  southern  Appalachians  arei 
areas  of  pre-Cambrian  elastics. 
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SUBDIVISIONS   OF   ALGONKIAN. 

The  foregoing  review  of  the  occurrences  of  pre-Cambrian  clastic 
rocks  makes  apparent  the  propriety  of  introducing  the  term  Agnoto- 
zoic  or  Proterozoic  to  cover  the  series  between  the  Paleozoic  and 
Archean.  The  desirability  of  dividing  the  group  into  several  systems 
is  also  apparent,  but  it  is  equally  apparent  that  our  limitations  of 
knowledge  at  the  present  time  make  it  impossible  to  do  this  for  the 
whole  of  North  America,  hence,  as  with  Archean,  it  is  unavoidable 
that  a  single  system  term  shall  be  used  for  the  Proterozoic  group,  and 
as  already  explained,  Algonkian  is  given  this  place.  However,  the 
major  subdivisions  of  this  Algonkian  system,  in  volume  of  rocks  and 
time  duration,  are  equivalent  to  the  systems  of  the  Paleozoic.  For  in- 
stance, the  Keweenawan,  Upper  Huronian,  and  Lower  Huronian  series 
of  lake  Superior  are  each  of  them  parallel  in  volume  to  the  Carbonifer- 
ous, Devonian,  Silurian,  or  Cambrian.  The  same  may  be  said  of  the 
Grand  Canyon  and  Chuar  series.  If  in  the  future  it  shall  be  possible  to 
subdivide  the  Agnotozoic  or  Proterozoic  group  on  a  systematic  univer- 
sal basis,  as  the  Paleozoic  is  subdivided,  the  term  Algonkian  must  be 
replaced  by  Wasatchian,  Keweenawan,  Upper  Huronian,  Lower  Hu- 
ronian, etc. 

COMPARISON  WITH   OTHER   CLASSIFICATIONS. 

The  major  classification  proposed  in  this  paper  differs  in  some 
respects  from  any  previously  given,  although  it  accords  closely  with 
that  advocated  by  Irving,  and  does  not  differ  radically  from  that 
proposed  by  Selwyn  in  1879,  but  afterwards  abandoned.  Irving  did 
not  recognize  that  within  the  formations  called  Huronian  there  is  a 
structural  break,  which  properly  divides  them  into  two  series,  Upper 
and  Lower  Huronian,  although  he  realized  that  unconformably  below 
rocks  which  he  denominated  Huronian  are  elastics,  which  were  sup- 
posed to  be  inseparable  from  the  Laurentian.  As  a  consequence  of 
this  and  of  the  failure  to  appreciate  that  in  this  lower  series,  as  well  as 
in  the  Upper  Huronian,  there  are  abundant  evidences  of  life,  he  ex- 
cluded from  the  Agnotozoic  a  part  of  this  Lower  Huronian,  placing 
it  with  the  elastics  of  the  original  Laurentian.  In  the  lake  Superior 
Lower  Huronian  there  are  carbonaceous  and  graphitic  schists  and 
beds  of  iron  carbonate.  In  the  original  (Middle)  Laurentian  of  the 
East  there  are  great  beds  of  limestone,  regularly  bedded  gneisses, 
quartzites,  quartz-conglomerates,  graphitic  schists,  and  also  very 
graphitic  limestones.  While  the  evidence  of  life  is  not  quite  so  con- 
clusive as  with  the  Upper  Huronian,  it  is  so  strong  that  one  who 
believes  in  its  existence  in  the  latter  series  can  hardly  doubt  its  exist- 
ence in  the  Lower  Huronian  of  lake  Superior  and  the  Laurentian  of 
the  East,  although  no  fossils  universally  recognized  as  such,  nor  any 
hydrocarbons  have  been  discovered.     The  reasons  for  the  introduction 
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of  the  term  Agnotozoic  to  cover  the  Keweenaw,  an  Upper  Huronian 
and  equivalent  series  as  clearly  demand  that  it  shall  also  cover  other 
pre-Cambrian  clastic  series.  Once  started  on  the  downward  way  to- 
ward the  fundamental  complex  there  is  no  plane  at  which  to  stop  until 
this  is  reached. 

This  places  the  boundary  between  the  Proterozoic  and  Archean  at 
the  plane  placed  by  Selwyn  between  the  Lauren tian  and  Huronian.  In 
the  regions  in  which  Selwyn  and  most  other  Canadian  geologists  have 
studied,  they  in  general  find  no  unconformity  between  the  Huronian 
and  Laurentian.  It  has  been  seen  that  similar  apparently  conformable 
relations  and  gradations  obtain  in  various  areas  in  the  United  States. 
However,  in  many  cases,  as  has  been  seen,  there  are  easily  discover- 
able structural  breaks  between  the  Proterozoic  and  Archean. 

As  to  the  positions  of  Whitney  and  Wadsworth  and  Hunt,  my  con- 
clusions are  so  radically  different  that  little  need  be  said.  The  reasons 
for  the  conclusions  reached  have  appeared  in  the  summary  of  the  litera- 
ture and  in  this  discussion.  To  attempt  to  disprove  the  positions  of 
these  authors  would  be  merely  to  repeat  the  arguments  already  pre- 
sented. It  may,  however,  be  remarked  that  both  of  these  positions  can 
not  be  correct,  and  recently  Wadsworth  has  found  evidence  which  has 
led  him  to  change  entirely  his  views  from  those  expressed  in  the  "Azoic 
System."  One  maintained  the  absolute  indivisibility  and  complete 
lack  of  life  in  all  pre-Potsdam  rocks,  while  the  other  maintained  an 
invariable  aqueous  succession  of  pre-Cambrian  rocks,  consisting  of 
seven  different  series,  separated  by  unconformities.  The  position  here 
taken  is  in  some  degree  intermediate,  that  is  to  say,  there  is  abundant 
evidence  of  various  pre-Potsdam  clastic  series  which  bear  the  evidence 
of  life,  but  no  reason  in  the  facts  of  occurrence  nor  in  the  principles  of 
geology  which  indicates  for  all  regions  an  invariable  succession.  It  is 
not  worth  while  to  discuss  whether  in  1884,  the  time  when  Whitney 
and  Wadsworth's  account  of  the  Azoic  rocks  appeared,  evidence  was 
available  which  would  prove  the  divisibility  of  the  pre-Potsdam  rocks. 
If  any  one  desires  to  answer  this  question  tor  himself  he  will  consider 
only  that  part  of  the  literature  which  was  extant  prior  to  this  time. 
This  comparison  will  show  that  within  the  last  decade  has  appeared  a 
volume  of  evidence  upon  the  existence  of  pre-Potsdam  life  and  upon  the 
divisibility  of  the  pre-Cambrian  rocks  which  far  surpasses  that  obtained 
before.  At  the  present  time  the  evidence  in  favor  of  these  positions  is 
simply  overwhelming.  With  the  discouraging  view  taken  by  Whitney 
and  Wadsworth  as  to  the  state  of  pre-Cambrian  geology,  I  have  had 
no  sympathy.  They  said  that  the  chances  of  " having  at  some  future 
time  a  clear  understanding  of  the  geological  structure  of  northeastern 
North  America  would  be  decidedly  improved  if  all  that  has  been  writ- 
ten about  it  were  at  once  struck  out  of  existence."  Crude  methods 
have  frequently  led  to  crude  results,  but  often  even  in  unsatisfactory 
reports  are  contained  facts  which  serve  as  clews  to  later  workers.    Fur- 
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ther,  much  that  was  written  before  the  present  decade  is  as  good  work 
in  proportion  to  the  light  at  hand — the  only  proper  method  of  compar- 
ison— as  any  since.  The  only  way  to  get  well  on  a  road  or  to  a  goal  is 
to  start.  Also  it  must  be  insisted,  in  opposition  to  Whitney  and  Wads- 
worth,  that  stratigraphy  and  classification  are  possible  without  paleon- 
tology. Both  of  these  preceded  this  branch  of  geological  science,  and  . 
paleontology  is  useful  only  as  it  is  guided  by  stratigraphy.  Forgetting 
this,  fossil  evidence  has  frequently  been  misused.  In  dealing  with  the 
pre-Cambrian  rocks  we  are  exactly  in  the  position  that  geologists  are 
among  the  post- Cambrian  rocks  where  fossil  evidence  is  lacking.  Each 
district  must  be  studied  stratigraphically  by  its  formations  and  discord- 
ances. The  lack  of  fossils  is  most  keenly  felt  in  correlation.  However, 
the  protests  of  Whitney  and  Wads  worth  against  many  of  the  subdi- 
visions of  the  pre-Cambrian  and  the  principles  upon  which  they  were 
made  are  well  founded. 

As  to  the  supposed  invariable  aqueous  succession  of  Hunt,  the  writer 
can  only  say  that  so  far  as  he  is  familiar  with  North  America  he  knows 
of  no  region  in  which  this  succession  does  occur  in  its  fullness ;  while 
every  complex  region  with  which  he  is  familiar  contradicts  it  at  one  or 
more  fundamental  points.  As  one  illustration  among  many  which  might 
be  mentioned,  the  Labradorian,  supposed  to  be  a  part  of  the  invariable 
succession,  is  demonstrated  beyond  all  question  to  be  an  eruptive  rock. 
Large  areas  of  this  rock  are  associated  with  or  underlie  the  earliest 
pre-Cambrian  and  it  also  occurs  in  the  form  of  great  flows  in  series  as 
late  as  the  Keweenawan.  The  whole  scheme  is  one  which  is  highly 
theoretical  and  seems  to  have  been  evoked  by  laboratory  study  rather 
than  from  a  consideration  of  the  actual  rock  successions  within  the 
pre-Oambrian  in  the  field.  The  chance  that  a  scheme  evolved  in  this 
manner  should  accord  with  the  facts  of  the  world  is  indefinitely  small. 

PRINCIPLES  APPLICABLE   TO   ALGONKIAN    STRATIGRAPHY. 

The  clearest  discussion  of  the  principles  which,  from  the  writer's 
point  of  view,  are  most  applicable  to  the  classification,  correlation,  and 
mapping  of  the  pre-Cambrian  rocks  are  the  structural  and  lithological 
principles  enunciated  by  Irving,  Pumpelly,  and  Dale.  Accepting  these 
in  the  main,  a  few  supplementary  remarks  may  be  made. 

In  the  stratigraphical  work  of  the  past,  methods  have  oftentimes 
been  defective.  Instead  of  giving  close  lithological  descriptions  of  a 
series  of  rocks,  noting  carefully  the  relations  of  the  different  strata,  in 
case  they  are  found  to  have  strata,  to  each  other,  and  giving  a  detailed 
account  of  the  relations  which  actually  obtain  between  the  series  con- 
sidered and  surrounding  series,  writers  have  too  often  called  the  rocks 
of  regions  far  distant  from  the  original  localities  to  which  the  terms 
have  been  applied  Laurentian,  Huronian,  etc.  Sometimes  this  is  done 
,on  the  ground  that  a  series  as  a  whole  has  a  certain  color;  which  has 
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been  thought  to  be  characteristic  of  the  period.  At  other  times  the 
abundance  of  volcanic?  material  has  been  the  reason  for  the  reference. 
Again,  quartzites  from  the  Appalachians  to  the  Black  hills  have  been 
correlated  on  no  other  ground  than  lithological  likeness,  as  though 
thick  sandstone  formations  which  subsequently  have  been  cemented  to 
<  i  uartzites  have  been  produced  but  once  in  the  history  of  the  world. 
To  some  geologists  the  degree  of  crystallization  has  been  the  control- 
ling fact.  In  other  cases  the  occurrence  of  some  mineral  or  associa- 
tion of  minerals  has  been  the  gronnd  upon  Avhich  the  reference  of  the 
containing  formation  is  made  to  some  specific  period.  This  has  gone 
so  far  at  times  as  to  lead  to  the  conclusion  that  a  single  rare  mineral, 
such  as  chondrodite,  is  proof  of  the  pre- Cambrian  age  of  the  contain- 
ing formation. 

As  a  natural  result  of  work  of  this  kind,  rocks  of  a  certain  lithological 
character  or  degree  of  crystallization,  or  containing  certain  constituents, 
have  been  called  Arvonian,  Huronian,  Norian,  Laurentian,  as  the  case 
may  be,  which  have  afterwards  proved  to  be  high  in  the  Paleozoic. 
Other  series,  which  are  now  known  to  be  pre- Cambrian,  have  been 
called  Triassic,  because  of  a  prevailing  red  hue. 

Any  of  the  above  characteristics  may  be  a  valuable  guide  in  a  given 
district,  or  with  qualifying  and  guiding  facts  of  a  different  character 
in  a  region  5  but  it  is  their  use  in  an  indiscriminate  manner  on  the 
assumption  that  rocks  of  a  given  time  are  every  where  alike  that  is  pro- 
tested against.  When  it  is  everywhere  recognized  that,  considering 
the  continent  as  a  whole,  age  is  no  guide  to  the  chemical  or  mineral 
composition,  texture,  color,  degree  of  crystallization,  or  any  other  prop- 
erty of  a  formation,  or  vice  versa,  we  shall  be  on  the  way  to  use  the 
properties  of  rocks  in  districts  and  regions  as  guides  to  age.  For  the 
most  part  this  principle  has  been  recognized,  if  not  practically,  at  least 
theoretically;  but  at  one  point  this  is  less  true  than  with  the  others. 
Degree  of  crystallization,  because  often  so  useful  in  a  district,  has  been 
used  by  many  as  a  general  guide  in  correlation,  although  the  elder 
Hitchcock,  Rogers,  Adams,  and  others  gave  early  warning  against 
such  practices.  It  can  not  be  too  strongly  insisted  upon  that  contact 
action  of  great  masses  of  eruptive  rocks  and  dynamic  action  accom- 
panying this,  or  dynamic  action  without  accompanying  volcanic  activ- 
ity, are  prime  and  perhaps  the  chief  causes  in  the  majority  of  cases  of 
the  production  of  crystallization,  not  age  and  depth  of  burying,  although 
these  may  be  contributory  causes  and  at  times  the  predominant  ones. 
A  stratum  which  is  strongly  conglomeratic  at  the  axis  of  a  fold,  within 
a  short  distance  upon  the  legs  may  have  become  so  completely  crystal- 
line as  to  obliterate  every  trace  of  original  fragmental  character, 
because  of  the  movement  of  the  particles  over  each  other,  as  for  instance, 
in  the  Cambrian  at  Hoosac  mountain.  In  strong  contrast  to  this  may 
be  mentioned  the  occurrence  of  quartzites  in  the  lower  part  of  the 
Upper  Huronian  of  lake  Superior,  which  show  no  evidence  whatever 
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of  dynamic  action,  the  particles  of  quartz  not  even  being  arranged  with 
their  longer  axes  in  the  same  direction,  and  the  induration  being  wholly 
due  to  the  process  of  renewed  growth  and  cementation.  Yet  this  and 
the  adjacent  rocks  have  been  buried  under  the  entire  thickness  of  the 
Upper  Huronian  and  the  Keweenawan  series  many  thousands  of  feet 
and  subjected  to  a  pressure  beyond  the  crushing  strength  of  any  rock, 
a  condition  in  which  they  must  have  beeu  latently  plastic.  Rocks  as 
late  as  Devonian  in  the  Appalachians  have  become  so  completely  crys- 
talline that  not  one  vestige  of  the  original  fragmental  material  remains. 
Contrasting  with  this  occurrence  are  the  Chuar,  Grand  Canyon,  and 
Keweenaw  series,  all  wholly  unaltered,  yet  pre-Cambrian. 

No  one  would  think  of  maintaining  that  in  post-Cambrian  time  a  rock 
of  a  certain  composition  is  of  a  definite  age;  neither  would  any  one 
think  of  referring  a  rock  to  the  Devonian,  Silurian,  or  Cambrian  upon 
the  degree  of  its  crystallization.  To  suppose  that  the  plane  of  the  basal 
Cambrian  is  a  magic  one,  below  which  new  conditions  of  sedimentation 
prevailed  and  an  entirely  different  set  of  principles  apply  in  stratig- 
raphy, is  to  assume  a  revolution  in  the  conditions  of  the  world  at  this 
time  for  which  there  is  not  one  particle  of  warrant.  Those  who  believe 
in  evolution  must  believe  that  for  eras  of  time  before  the  Cambrian 
there  were  cycles  of  deposition  of  the  various  classes  of  sedimentary 
rocks  and  the  slow  evolution  of  life  to  the  high  degree  of  perfection 
and  the  great  variety  of  types  including  all  important  branches  except 
the  vertebrates  found  in  the  Olenellus  fauna. 

It  may  be  said  that  the  foregoing  applies  equally  well  to  the  separa- 
tion of  the  Algonkian  and  Archean.  Revolutionary  methods  can  not 
be  applied  here  more  than  elsewhere.  To  this  it  can  only  be  said  that 
this  plane  is  the  most  remote  and  difficult  to  define  of  any.  It  may  be 
that  it  is  wrongly  defined.  Without  question  it  will  in  the  future  be 
much  more  accurately  defined.  Rocks  now  placed  in  the  Archean  will 
be  found  to  be  Algonkian,  just  as  series  are  being  found  to  be  Cam- 
brian, Silurian,  or  Devonian  in  the  Appalachians  which  have  commonly 
been  regarded  as  Huronian  or  Laurentian.  While  the  distinctions 
made  may  not  be  complete,  they  are  based  upon  the  knowledge  availa- 
ble, are  not  dogmatic,  and  do  not,  it  appears  to  the  writer,  contradict 
the  laws  of  geology.  The  law  of  uniformity,  if  rightly  understood,  does 
not  imply  that  the  causes  now  at  work  have  always  had  the  same  rela- 
tive value.  When  the  laws  of  geologic  forces  are  fully  comprehended, 
it  will  be  found  that  each  is  not  absolutely  uniform  in  power,  but  that 
each  involves  variables.  These  variables  may  be  so  small  that  the 
cumulative  change  in  the  effect  in  any  case  may  not  be  discoverable  in 
an  epoch  or  even  in  a  period ;  but  that  the  amount  of  this  effect  per- 
ceptibly changed  in  eras,  can  not  be  doubted.  A  standard  clock  if 
observed  for  a  day  may  seem  to  run  with  an  invariable  and  correct 
Irate,  but  if  observed  long  enough  it  is  found  to  lose  or  gain,  and  this 
not  regularly.  The  law  of  its  variation  may  finally  be  partly  ascer- 
Bull.  86 33 
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tained,  but  usually  it  is  too  complex  to  be  fully  covered  by  a  formula, 
Just  so  each  geological  force  wheu  more  accurately  known  will  be  found 
to  involve  an  irregular  rate  of  change.  The  increment  in  an  individual 
case  for  a  certain  length  of  time  may  be  added  or  substracted,  but  it  is 
not  probable  in  any  case  that  the  addition  or  substraction  will  fully 
cover  the  real  law,  although  this  may  be  a  second  approximation  to  the 
truth  as  the  so-called  law  of  uniformity  was  a  first  approximation.  If 
we  go  far  enough  back  a  geological  force  may  have  been  multiplied  or 
divided  by  two  or  three  or  a  larger  number.  Igneous  rocks  are  now  a 
far  less  abundant  geological  product  than  are  sedimentary  rocks. 
That  these  relations  are  true  for  all  past  time  can  no  more  be  assumed 
than  it  can  that  organic  and  mechanical  sediments  have  the  same 
relative  volume  for  the  pre-Cambrian  that  they  have  for  the  Creta- 
ceous or  Tertiary.  If  the  generally  accepted  hypothesis  as  to  the  origin 
of  the  globe  represents  the  facts,  in  all  probability  rocks  of  igneous 
origin  must  become  relatively  more  important  in  very  ancient  times.^ 
If  we  but  go  back  far  enough  they  may  become  predominant;  and  in 
still  earlier  time  for  continental  areas  they  may  be  the  only  rocks. 

The  problem  then  of  the  stratigraphy  of  the  pre-Cambrian  elastics  is 
a  problem  to  be  treated  precisely  as  that  of  the  Paleozoic.  It  is,  upon 
the  whole,  a  more  difficult  problem ;  for,  while  in  any  particular  locality 
it  can  not  be  premised  from  the  degree  of  crystallization  that  the  rocks 
are  pre-Cambrian  or  post-Cambrian;  taking  the  world  as  a  whole,  thd 
rocks  become  more  crystalline  in  passing  to  lower  series;  so  that  it 
is  to  be  expected  and  is  the  fact  that  a  greater  proportion  of  pre-Cam- 
brian rocks  than  of  the  Paleozoic  are  highly  crystalline.  This,  howi 
ever,  is  not  the  most  serious  difficulty  with  which  pre-Cambrian  strata 
graphy  has  to  contend ;  it  is  the  sparseness  of  the  remains  of  life  in 
definitely  recognizable  forms.  It  has  been  seen  that  a  beginning  of  a 
pre-Cambrian  fauna  has  already  been  found,  and  when  it  is  rememberedj 
how  rapidly  definite  paleoiitological  knowledge  has  extended  down-j 
ward  in  the  past  decade  it  may  be  reasonably  hoped  that  before  lon^ 
assistance  will  be  derived  from  paleontology  in  the  classification  of  the 
pre-Cambrian  rocks,  but  it  can  not  be  expected  that  fossils  will  ever  bej 
so  important  and  controlling  a  guide  as  in  the  post-Cambrian ;  forj 
probably  the  farther  we  go  back  from  the  Cambrian  the  sparser  and 
sparser  will  the  recognizable  life-remains  become. 

As  a  result  of  the  average  greater  crystalline  character  of  the  pre-i 
Cambrian  rocks,  and  the  frequency  in  them  of  secondary  structures^ 
the  principles  of  working  out  stratigraphy  in  regions  in  which  cleav-1 
age  foliation  occurs  with  partial  or  total  obliteration  of  stratification 
are  of  the  utmost  importance.  The  failure  to  clearly  recognize  and 
apply  these  principles  has  left  the  crystalline  Cambrian  and  post- 
Cambrian  series  of  the  Appalachians  in  a  state  of  confusion  for  many 
years.  Within  the  last  decade,  by  a  recognition  and  a  close  applica- 
tion of  them  a  new  start  has  been  made  in  the  study  of  this  difficult 
region. 
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That  it  will  not  do  to  regard  slaty  cleavage  or  foliation  as  bedding 
has  long  been  recognized,  although  it  has  often  occurred  that  in  re- 
gions in  which  this  has  been  distinctly  stated  it  has  also  been  said  that 
bedding  and  cleavage  do  correspond  without  any  evidence  of  such  cor- 
respondence being  given.  If  tangential  thrust  be  assumed  as  the  cause 
of  foliation,  unless  the  resultant  folding  be  close,  bedding  and  cleavage 
will  usually  not  correspond  for  any  considerable  area ;  for  cleavage  and 
foliation  have  a  tendency  to  develop  transverse  to  the  lines  of  pressure,, 
while  bedding  is  initially  in  the  lines  of  pressure.  In  the  closely  folded 
series  in  which  it  may  be  said  that  resultant  foliation  and  sedimentation 
correspond  throughout,  the  use  of  the  term  bedding  ought  to  be  dropped, 
as  there  is  no  longer  a  basis  upon  which  to  estimate  thickness,  because 
in  this  case  there  must  have  been  such  an  amount  of  movement  of  the 
particles  within  the  beds  over  each  other  as  to  render  it  doubtful  if 
bedding  does  still  exist. 

By  the  foregoing  it  is  not  meant  to  imply  that  the  foliation  of  thor- 
oughly crystalline  rocks  may  not  widely  correspond  with  bedding,  but 
only  that  this  is  not  usually  the  case  when  tangential  thrust  is  the  cause 
of  the  foliation.  However,  Smyth  (H.  L.)  has  discovered  when  there  is 
an  alternation  of  beds  of  different  degrees  of  massiveness  that  these 
often  control  the  movements  of  accommodation  during  the  folding  of 
the  series,  and  that  the  slipping  of  the  particles  over  each  other  par- 
allel to  the  bedding  develops  schistose  structure  along  the  same 
planes.  It  is  not  impossible  that  deeply  buried  beds  may  become 
thoroughly  crystalline,  with  foliation  and  bedding  parallel  when  super- 
incumbent pressure  and  metasomatic  changes  are  the  predominant 
forces.  A  sufficient  degree  of  heat  for  recrystallization  may  be  engen- 
dered by  very  deep  burying  or  by  laccolith'  intrusions.  In  such  cases 
the  structure  of  the  recrystallized  rock  will  naturally  conform  to  the 
bedding,  and  it  is  probable  that  differences  in  the  original  characters 
of  the  layers  will  be  preserved  in  the  metamorphosed  rock.  Arnica- 
schist  or  gneiss  thus  derived  from  a  shale  or  an  arkose,  now  showing 
in  its  interior  structure  no  evidence  of  clastic  character,  might  be 
underlain  by  a  quartzite  which  was  produced  by  the  cementation 
of  a  quartzose  sandstone.  The  quartzite  at  the  present  time  would 
reveal  its  detrital  origin,  while  the  mica -schist  or  gneiss  might  not. 
Some  such  explanation  seems  to  fit  the  thick  beds  of  mica-schist 
(the  structures  of  which  unmistakably  correspond  with  bedding) 
which  overlie  the  quartzites  of  the  Penokee  series  of  Michigan  and 
Wisconsin.  A  crystalline  series  of  the  origin  suggested,  Avhich  subse- 
quently reached  the  surface  by  denudation,  might  be  folded,  but  not 
sufficiently  to  produce  a  new  secondary  structure,  when  the  different 
bands  of  different  characters  would  truly  represent  sedimentary  beds. 
Some  such  explanation  seems  to  fit  the  gently  folded  thoroughly  crys- 
talline mica-schists  and  gneisses  of  the  Blue  ridge  west  of  Old  fort, 
liNorth  Carolina.    In  the  Adirondacks,  where  the  schistose  structure 
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and  bedding  of  the  Algonkian  rocks  appear  to  correspond,  the  great 
laccolites  or  batholites  of  gabbro  are  probably  the  chief  cause  of  the 
nietamorphism. 

In  crystalline  series,  when  but  one  structure  can  be  found,  it  is  safe 
only  to  assume  that  it  is  foliation.  Not  only  will  it  not  do  to  use  cleavage 
for  working  out  structure,  but  an  actual  regular  alternation  of  mineral 
constituents  in  schistose  and  gneissoid  rocks  can  not  be  regarded  as  any 
evidence  of  sedimentation.  The  great  series  of  regularly  banded  gneisses 
in  which  alternate  zones  of  nearly  pure  quartz  and  feldspar  andi 
other  zones  in  which  the  bisilicates  are  concentrated,  if  taken  as  due 
to  sedimentation  would  result  in  the  conclusion  that  the  thickness  of. 
the  beds  in  which  these  structures  occur  is  incredibly  great.  In  thor- 
oughly schistose  rocks  it  is  manifest  that  the  best  and  most  reliable 
means  upon  which  to  base  a  conclusion  as  to  strikes  and  dips  is  to  find 
contacts  between  thick  beds  of  rocks  of  a  fundamentally  different  char- 
acter, as  a  layer  of  quartzite,  quartz- schist,  or  mica-schist,  with  lime- 
stone, or  either  of  these  with  gneiss. 

The  clearest,  briefest,  and  most  comprehensive  enunciation  of  the 
principles  applicable  to  a  formation  in  which  are  cleavage  foliation  and 
stratification  foliation  known  to  the  writer  is  that  of  Dale  and  Pum- 
pelly  (see  pp.  768-770),  which  is  here  quoted  in  substance,  slight  modifi 
cations  being  made  to  fit  the  change  of  setting : 

I.  Lamination  in  schist  or  limestone  may  be  either  stratification  foliation  or  cleav- 
age foliation,  or  both,  or  sometimes  "  false  bedding." .  To  establish  conformability 
the  conformability  of  the  stratification  foliations  must  be  shown. 

II.  Stratification  foliation  is  indicated  by :  (a)  The  course  of  minute  but  visible 
plications;  (&)  the  course  of  the  microscopic  plications;  (c)  the  general  course  o] 
the  quartz  laminaB  whenever  they  can  be  clearly  distinguished  from  those  which  lie 
in  the  cleavage  planes. 

This  statement  was  made  with  reference  to  a  particular  district.  It 
is  of  course  wholly  possible  that  some  other  substance  should  play  the 
same  role  as  quartz.  In  the  application  of  these  criteria  it  must  be 
premised  that  the  parting  is  not  a  second  or  third  cleavage.  If  an 
earlier  cleavage  existed  the  criteria  might  give  the  direction  of  this 
first  one  rather  than  the  bedding,  which  might  have  become  obliterated 
at  the  time  of  the  development  of  the  first  cleavage. 

III.  Cleavage  foliation  may  consist  of:  (a)  Planes  produced  by  or  coincident  with 
the  faulted  limbs  of  the  minute  jilications;  (&)  planes  of  fracture,  resembling 
joints  on  a  very  minute  scale,  with  or  without  faulting  of  the  plications;  (c)  a  cleav- 
age approaching  slaty  cleavage  in  which  the  axes  of  all  the  particles  have  assumed 
either  the  direction  of  the  cleavage  or  one  forming  a  very  acute  angle  to  it,  anc 
where  stratification  foliation  is  no  longer  visible ;  (d)  a  secondary  cleavage,  resem- 
bling a  minute  jointing  may  occur. 

IV.  The  degree  and  direction  of  the  pitch  of  a  fold  are  indicated  by  those  of  the; 
axes  of  the  minor  plications  on  its  sides. 

V.  The  strike  of  the  stratification  foliation  and  cleavage  foliation  often  differs  in 
the  same  rock,  and  are  then  regarded  as  indicating  a  pitching  fold. 

VI.  Such  a  correspondence  exists  between  the  stratification  and  cleavage  foliations  [ 
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)f  the  great  folds  and  those  of  the  minute  plications  that  a  very  small  specimen 
jroperly  oriented  gives,  in  many  cases,  the  key  to  the  structure  over  a  large  portion 
)f  the  side  of  a  fold. 

It  is  to  be  noted  that  the  statement  of  these  principles  has  been  in- 
nspired  by  a  study  of  formations  which  have  proved  to  be  wholly  Cam- 
brian or  post-Cambrian. 

The  principles  of  lithological  correlation  enunciated  by  Irving  are  as 
follows,  except  that  series  is  here  substituted  for  group  and  Algonkian 
for  Huronian  so  as  to  make  the  terminology  correspond  with  that  here 
ised: 

Lithological  characters  are  properly  used  in  classification : 

(1)  To  place  adjacent  formations  in  different  series,  on  account  of  their  lithologi- 
3al  dissimilarities  when  such  dissimilarities  are  plainly  the  result  of  great  alteration 
n  the  lower  one  of  the  two  formations,  and  are  not  contradicted  by  structural  evi- 
lence,  or,  if  used  as  confirmatory  evidence  only,  when  such  dissimilarities  are  the 
result  of  original  depositional  conditions. 

(2)  To  collect  together  in  a  single  series  adjacent  formations  because  of  lithologi- 
jal  similarities  when  such  similarities  are  used  as  confirmatory  evidence  only. 

(3)  To  correlate  series  and  formations  of  different  parts  of  a  single  geological  basin 
svhen  such  correlations  are  checked  by  stratigraphy,  and  particularly  by  observa- 
tions made  at  numerous  points  between  the  successions  correlated. 

They  are  improperly  used : 

(1)  To  place  adjacent  formations  in  different  series  on  account  of  lithological  dis- 
similarities when  such  dissimilarities  are  merely  the  result  of  differences  in  original 
lepositional  conditions,  and  when  such  evidence  of  distinction  is  not  confirmed  by 
>r  is  contradicted  by  structural  and  paleontological  evidence. 

(2)  To  collect  in  a  single  series  adjacent  formations  because  of  lithological  sinii- 
arities  when  such  similarities  are  not  confirmed  by  or  are  contradicted  by  other  evi- 
lence. 

(3)  To  establish  general  correlations  between  the  clastic  series  of  different  geologi- 
al  basins,  except  possibly  when  the  gneissic  and  true  crystalline-schist  basement 
ormation  of  one  region  is  compared  with  the  similar  basement  formation  of  another. 

(4)  To  establish  and  determine  any  world-wide  subdivisions  of  the  noneruptive 
asement  crystallines,  i.  e.,  those  which  underlie  the  clastic  series  here  called  Algon- 
dan,  at  least  until  very  much  more  definite  evidence  of  the  existence  of  such  sub- 
[ivisions  be  gathered  than  has  hitherto  been  done. 

In  applying  these  principles  it  must  not  be  forgotten  that  a  bed  of 
me  character  may  thin  out  and  disappear ;  may  gradually  change  from 
b  limestone  to  a  shale,  from  a  shale  to  a  sandstone  or  conglomerate; 
bnd  that  sometimes  the  change  may  be  abrupt,  as  perhaps  upon  the 
opposite  sides  of  an  axial  ridge,  one  side  of  which  faces  toward  the 
cean  and  the  other  toward  an  interior  sea.  All  formations,  however 
widespread,  terminate  somewhere.  A  single  formation  of  a  certain 
ithological  character  can  only  be  assumed  to  be  the  same  bed  in  a  dis- 
trict when  it  has  been  demonstrated  to  be  persistent  over  a  wide  area. 
When  several  characteristic  formations  occur  in  a  definite  order  in  dif- 
ferent parts  of  the  same  district  the  probability  that  they  are  of  iden- 
lical  age  is  greater  than  with  single  beds  found  to  be  lithologically  alike 
|t  separate  points. 
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The  principles  applicable  to  correlation  by  unconformities  are  given 
by  Irving  as  follows: 

The  structural  breaks  called  unconformities  are  properly  used  in  classification: 

(1)  To  mark  the  boundaries  of  the  rock  series  of  a  given  region. 

(2)  To  aid  in  establishing  correlations  between  the  formations  of  different  parts  of 
a  siugle  geological  basin. 

(3)  To  aid  in  the  establishment  of  correlations  between  the  series  of  regions  dis- 
tantly removed  from  one  another;  but  caution  is  needed  in  attempting  such  correla- 
tions in  proportion  as  the  distances  between  the  regions  compared  grow  greater. 

They  are  improperly  ignored: 

(1)  When  the  evidence  they  offer  as  to  separateness  is  allowed  to  be  overborne  by 
anything  but  the  most  complete  and  weighty  of  paleontological  evidence. 

Irving's  discnssion  leading  to  these  principles  shows  that  oftentimes 
nnconformities  are  the  most  widespread  and  important  of  any  of  the 
means  available  to  obtain  starting  planes  for  comparisons  and  that  they 
have  the  place  of  first  importance  in  making  the  major  subdivisions  for 
the  origin  of  the  pre-Cambrian  clastic  rocks.  An  erosion  interval  can 
only  occur  as  a  result  of  the  raising  of  a  district  above  the  sea,  a  time 
of  degradation,  and  then  a  depression  below  the  sea;  and  if  there  is  a' 
true  unconformity  there  must  also  have  been  an  orographic  movement 
and  erosion  long  enough  continued  to  truncate  the  folds.  The  erosion 
interval,  if  extended  over  a  large  area,  implies  a  considerable  time  break  j 
while  the  unconformity,  if  it  is  marked,  can  hardly  be  less  than  regional 
in  extent.  When  the  newer  series  is  undisturbed,  an  unconformity  i^ 
one  of  the  easiest  of  phenomena  to  detect,  but  more  frequently  than  not 
among  the  pre-Cambrian  rocks  the  older  and  newer  series  have  again 
been  folded,  and  this  folding  has  oftentimes  gone  so  far  as  to  produce! 
a  cleavage  or  foliation,  which  cuts  across  both  older  and  newer  seriea 
and  makes  their  most  prominent  structure  in  absolute  conformity  J 
Even  if  this  degree  of  folding  has  not  occurred  and  the  process  has  not 
gone  far  enough  to  produce  prominent  secondary  structures,  the  discord- 
ance in  angle  of  inclination  is  more  likely  to  be  overlooked  than  when] 
the  series  are  in  an  undisturbed  condition. 

Since  unconformities  are  so  valuable  in  structural  work,  it  is  impor- 
tant that  the  principles  be  clearly  recognized  upon  which  they  may  ba 
established  in  disturbed  regions.  This  subject  has  been  discussed  at 
length  by  Irving,  and  from  his  paper  the  substance  of  much  which  fol- 
lows is  taken.  An  unconformity  between  series  implies  a  difference  in 
number  of  orographic  movements  with  intervening  erosion.  This  diw 
ference  in  number  may  be  one  or  more  than  one.  Even  when  the  dif j 
ference  of  orographic  movements  to  which  the  series  have  been  subjected 
is  but  one  the  time  gap  between  the  two  must  have  been  very  consider- 
able, and  it  may  have  been  of  vast  duration.  Consequently  discordant 
series  may  differ  in  degree  of  consolidation,  in  the  development  o^ 
cleavage  and  foliation,  and  in  their  relations  to  eruptives.  At  the  be- 
ginning of  the  deposition  of  the  newer  series  basal  conglomerates  ares 
often  formed. 
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Hence,  as  guiding  phenomena  in  the  discovery  of  unconformities,  we 
have  (1)  ordinary  discordance  of  bedding;  (2)  difference  in  the  number 
of  dynamic  movements  to  which  the  series  have  been  subjected;  (3)  dis- 
cordance of  bedding  of  upper  series  and  foliation  of  lower  ;  (4)  relations 
$nth  eruptives;  (5)  difference  in  degree  of  crystallization;  (6)  basal  con- 
glomerates; (7)  general  field  relations. 

(1)  In  cases  of  ordinary  discordance  of  bedding  nothing  need  be  said, 
except  to  state  that  unconformities  should  hot  be  inferred  from  a  single 
small  contact  where  the  apparent  discordance  may  be  due  to  false  bed- 
ding or  to  local  currents  or  very  local  minor  disturbances.  Also,  the 
discordances  caused  by  faulting  may  be  mistaken  for  an  unconformity 
if  care  is  not  taken.  The  amount  of  evidence  for  the  unconformity 
should  be  sufficient  to  show  a  real  discrepancy  of  bedding  for  a  consid- 
erable area.  Within  a  short  distance  the  amount  of  discordance  of 
bedding  between  two  series  may  vary  greatly.  Frequently  a  dynamic 
movement  mainly  relieves  itself  along  a  comparatively  narrow  zone. 
This  zone  is  one  of  uplift  and  consequently  of  great  denudation.  The 
adjacent  plain  may  be  little  folded  and  not  deeply  eroded.  When  a 
new  series  is  deposited  upon  this  older  series  the  former  lies  approxi- 
mately parallel  to  the  bedding  of  the  older  upon  the  plain,  but  along 
the  zone  of  disturbance  the  first  may  lie  directly  athwart  the  bedding 
of  the  second. 

(2)  Difference  in  the  number  of  dynamic  movements  to  which  the 
series  have  been  subjected  is  often  an  important  means  of  determining 
unconformities.  In  order  that  an  unconformity  shall  occur  the  older 
series  must  have  been  subjected  to  at  least  one  more  orographic  move- 
ment than  the  newer.  In  the  most  favorable  case  the  older  series  has 
undergone  two  or  more  orographic  movements  while  the  newer  series 
has  undergone  but  a  single  one.  When  the  lines  of  these  movements 
are  in  the  same  direction  and  result  in  folding  the  only  difference  be- 
tween the  two  series  consists  in  steepness  of  inclinations;  but  in  case 
the  earlier  movements  were  in  a  different  direction  from  the  last  the 
older  series  will  show  a  compound  series  of  folds  due  to  the  resultant 
effect  of  the  two  or  more  movements,  while  the  newer  series  will  be 
sinrply  folded.  As  a  matter  of  course,  in  this  discrimination,  bedding 
must  be  used  rather  than  foliation.  Oftentimes  it  will  happen  that  the 
latest  movement  has  produced  a  prominent  cleavage  or  foliation  which 
is  common  to  both  older  and  newer  series;  and  under  these  circum- 
stances the  real  discordance  which  may  exist  between  the  two  series  is 
particularly  apt  to  be  overlooked,  and  a  district  will  be  described  as 
having  a  simple  monoclinal  structure,  or  one  in  which  the  series  is  re- 
produced by  faulting,  when  evidence  is  at  hand  for  two  or  more  dis- 
cordant series. 

The  orographic  movements,  instead  of  producing  folding,  may  cause 
pointing  or  faulting,  these  results,  as  suggested  by  Willis,  being  per- 
haps due  to  insufficient   load.    These  phenomena  are,  however,  ser- 
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viceable  in  discovering  an  unconformity ,  for  the  sets  of  faults  or  joints 
produced  in  the  older  series  before  the  newer  series  was  formed  are  not 
found  in  the  latter.  When  there  have  been  later  orographic  movements 
which  have  produced  faults  or  joints  in  both  series  the  unconformity 
will  be  shown  by  the  presence  in  the  older  series  of  two  sets  of  joints 
or  faults  in  different  directions,  provided  the  directions  of  thrust  were 
different,  while  the  newer  series  will  be  affected  by  joints  or  faults  only 
in  a  single  direction.  If  the  jointing  or  faulting  is  in  the  same  direc- 
tion in  both  the  newer  and  older  movements  they  will  not  be  of  much 
service  in  detecting  an  unconformity,  the  only  difference  being  their 
greater  frequency  in  the  older  series. 

When  one  of  the  orographic  movements  has  resulted  in  folding  and 
the  other  in  faulting  or  jointing,  the  combination  of  phenomena  are  as 
easily  used  to  detect  an  unconformity  as  when  effects  of  the  same  kind 
are  produced  by  both  movements. 

(3)  Discordance  of  the  bedding  of  an  unfoliated  series  with  the 
cleavage  or  foliation  of  an  adjacent  series  may  be  taken  as  evi- 
dence of  unconformity,  if  the  former  is  such  that  it  would  take  on 
cleavage  or  foliation  as  readily  as  the  latter;  for  whatever  the  origin 
of  the  altered  series  the  development  of  cleavage  or  foliation,  which 
must  have  developed  before  the  new  series  was  deposited,  required 
much  time.  An  unconformity  could  not  be  inferred  from  the  fact 
that  a  heavy  formation  of  quartzite  or  of  limestone  cuts  across  the 
cleavage  or  foliation  of  an  argillite  or  mica-schist,  for  clayey  rocks 
very  much  more  readily  take  on  secondary  structures.  In  the  same 
series  it  often  happens  that  more  massive  beds  escape  foliation,  which 
may  be  prominently  developed  in  other  members.  But  if  a  forma- 
tion with  slaty  or  schistose  structure  is  overlain  by  another  forma- 
tion without  secondary  structure  which  from  its  composition  is  as 
likely  to  take  on  foliation  as  the  underlying  formation,  a  discordance, 
while  not  demonstrated,  is  a  probability  for  which  other  evidence 
should  be  sought. 

(4)  Eruptive  rocks  are  often  an  important  guide  in  determining 
structural  discordances.  These  are  valuable  when  the  older  series 
has  passed  through  an  epoch  of  eruptive  activity  before  the  newer 
series  was  deposited.  In  such  cases  bosses,  contemporaneous  or  in- 
trusive beds,  volcanic  fragmental  material  or  dikes  may  occur  in  the 
older  series,  which  nowhere  are  associated  with  the  newer.  It  is  pos- 
sible, of  course,  that  eruptives  may  penetrate  the  inferior  members 
of  a  series  and  never  reach  the  higher  formations ;  but  if  it  is  found 
that  the  supposed  inferior  series  is  associated  with  abundant  material 
of  igneous  origin  which  never  passes  beyond  a  certain  plane,  it  is  al- 
most demonstrative  evidence  of  the  later  age  of  the  newer  series.  A 
notable  instance  of  this  is  found  in  the  Doe  river  section  of  eastern 
Tennessee,  where  the  granitic  rocks  supposed  to  be  older  than  the  as- 
sociated elastics  are  cut  by  very  numerous  schistose  dikes  which  never 


vanhise.1  DISCUSSIONS    OF    PRINCIPLES.  521 

intrude  the  latter.  It  might  be  reasonably  inferred,  if  it  were  not  for 
these  dikes,  that  the  granitic  rock  is  an  eruptive  later  than  the  elas- 
tics (although  the  absence  of  contact  phenomena  would  be  against  this), 
but  as  the  basic  dikes  are  unquestionably  intrusives  of  later  age  than 
the  granites,  and  yet  never  cut  the  slates,  this  explanation  can  not 
possibly  apply.  Evidence  of  this  kind  is  particularly  decisive  if  the 
dikes  are  traced  up  to  the  plane  of  contact  and  have  been  found  to  be 
eroded  or  disintegrated,  as  is  the  case  in  the  Stamford  dike  at  Clarks- 
burg mountain,  Massachusetts,  described  by  Pumpelly,  which  en- 
abled this  author  to  determine  positively  what  had  been  believed  be- 
fore, that  the  granitoid  gneiss  is  unconformably  under  the  Cambrian 
quartzite. 

(5)  Closely  connected  with  (3)  and  (4)  is  degree  of  crystallization  as 
a  guide  to  unconformities.  It  has  been  seen  that  crystalline  character 
is  often  taken  on  in  proportion  as  dynamic  action  occurs.  When  the 
folding,  which  has  affected  only  the  older  series,  has  been  severe,  it  as 
a  whole  will  be  more  crystalline  in  character  than  the  newer.  Also  the 
presence  of  igneous  material  is  often  a  potent  factor  in  the  production 
of  crystalline  character.  As,  however,  recrystallization  is  also  produced 
by  metasomatic  change,  this  criterion  must  be  used  with  caution  and 
as  a  cause  to  search  for  other  evidences  of  an  unconformity  rather  than 
alone  as  a  basis  upon  which  to  infer  an  unconformity.  But  even  differ- 
ence of  amount  of  metasomatic  change,  if  the  rocks  are  equally  likely 
to  be  affected  by  these  processes,  may  be  evidence  of  difference  in  age. 
In  determining  degree  of  crystallization  the  modern  petrographical 
methods  serve  one  of  their  most  useful  purposes,  since  many  rocks 
which  in  exposure  or  in  hand- specimen  appear  to  be  about  equally 
crystalline,  are  shown  in  thin  section  to  be  of  a  fundamentally  different 
character.  A  completely  crystalline  rock  sometimes  can  not  be  dis- 
criminated macroscopically  from  one  which  is  merely  indurated  by 
cementation.  For  instance,  a  thoroughly  crystalline  granite  and  a 
recomposed  rock  built  up  of  the  debris  of  this  granite,  especially  when 
the  particles  are  in  the  form  of  individual  minerals,  rather  than  peb- 
bles, present  much  the  same  appearance  in  mass,  but  a  glance  at  sec- 
tions of  the  two  under  the  microscope  shows  the  thoroughly  crystalline 
interlocking  character  of  the  one  and  the  clastic  character  of  the  other. 
Another  case  quite  as  marked  is  the  discrimination  between  much  foli- 
ated eruptive  rocks  which  have  passed  over  into  fissile  schists  and 
ordinary  argillaceous  slates  and  gr  ay  wackes.  In  the  latter  class  the  par- 
ticles of  quartz  and  feldspar  maybe  seen  with  their  oval  forms  as  regu- 
lar as  the  day  in  which  they  were  deposited,  while  in  the  other  case  an 
entirely  different  appearance  is  presented. 

(6)  Basal  conglomerates  are  one  of  the  most  important  means  of 
determining  a  plane  of  unconformity,  but  it  must  be  clearly  shown  that 
the  conglomerate  is  really  a  basal  one.  Conglomerates  may  occur  in 
other  positions  than  at  basal  horizons,  and  it  will  not  do  to  assume 
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that  an  unusually  conglomeratic  layer  is  basal.  A  conglomerate  is 
likely  to  be  basal  when  the  major  portion  of  the  debris  is  derived  from 
the  immediately  subjacent  member ;  but  even  here  the  exception  must  be 
made  that  in  case  this  subjacent  member  is  a  surface  igneous  rock  the 
presence  of  the  conglomerate  is  no  evidence  of  a  time  break.  If,  how- 
ever, the  igneous  formation  is  of  such  a  character  as  does  not  originate 
except  as  a  deep-seated  rock,  the  fact  that  it  is  at  surface  and  yields 
fragments  to  the  overlying  formation  is  evidence  of  a  time  gap.  Also 
evidence  of  a  break  is  just  as  decisive  when  the  underlying  rock  has  a 
foliation  which  has  been  produced  prior  to  the  deposition  of  the  con- 
glomerate. This  may  be  determined  from  the  fact  that  fragments 
broken  from  a  foliated  rock  are  apt  to  be  longer  in  the  direction  of  lami- 
nation, and  when  deposited  in  the  overlying  series  they  naturally  lie 
with  their  foliation  at  an  angle  to  that  of  the  underlying  series.  It 
matters  not  whether  the  foliated  rock  of  the  inferior  series  be  of  sedi- 
mentary or  of  igneous  origin.  If  sedimentary,  a  long  time  has  been 
required  to  obliterate  evidence  of  its  fragmental  character;  if  igneous, 
its  foliation  shows  the  effect  of  long-acting  forces.  While  basal  con- 
glomerates are  often  found  they  are  also  often  absent  where  other  evi- 
dence shows  that  there  are  discordant  relations  between  two  series. 
This  absence  is  explained,  at  least  in  some  cases,  by  Pumpelly's  disin- 
tegration theory,  the  encroaching  shore  line  finding  a  set  of  disinte- 
grated rocks  in  which  the  mass  is  ready  to  yield  particles  of  the  con- 
stituent minerals  rather  than  pebbles. 

(7)  General  field  relations  are  often  sufficient  to  establish  discordant 
relations  between  series  when  all  other  lines  of  evidence  are  lacking. 
When  in  a  region  immense  stretches  of  rocks  of  one  series  are  always 
found  in  an  undisturbed  condition,  Avhile  an  adjacent  series  is  always 
disturbed,  discordant,  relations  may  be  inferred.  This  is  particularly 
evident  when  the  horizontal  series  fills  bays  in  the  older  rocks,  or  is 
found  as  inliers  surrounded  by  the  other  rocks.  Again,  the  general 
field  relations  may  establish  an  unconformity  even  if  both  series  are 
disturbed.  One  case  of  this  is  the  occurrence  of  a  uniform  belt  of 
stratified  rocks  which,  rjerhaps  witb  a  monoclinal  structure  and  a 
somewhat  uniform  strike  and  dip,  runs  for  great  distances,  the  rocks 
of  the  adjacent  unconformable  series  being  here  of  one  kind  and  there 
of  another  kind.  The  evidence  for  the  unconformity  in  this  case  is 
still  further  emphasized  if  the  lower  series,  instead  of  having  a  simple 
structure,  is  folded  in  a  complex  manner.  General  field  relations  may 
betray  unconformity  even  when  the  newer  series  has  been  folded  in  a 
more  complex  manner,  as,  for  instance,  having  been  subjected  to  two 
orographic  movements,  the  first  of  which  placed  it  in  a  monoclinal 
attitude,  and  the  second  of  which,  at  right  angles  to  this  first  force, 
gave  it  a  fluted  structure.  The  lower  series,  instead  of  having  this 
regular  structure,  being  subjected  to  still  earlier  orographic  movements, 
would  be  more  irregular  in  its  foldings  and  faultings,  and  the  difference 
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in  simplicity  of  structure  of  the  two  series  would  increase  in  proportion 
to  the  number  and  intensity  of  the  earlier  movements.  However,  as 
the  movements  which  have  affected  the  newer  series  increase,  the  diffi- 
culty of  discovering  discordances  by  general  field  relations  is  increased. 
These  and  other  cases  of  general  field  relations  which  show  unconformity 
may  not  appear  to  the  observer  Avhile  doing  detailed  work,  since  no 
contacts  or  other  ordinary  indication  of  unconformity  is  found,  but 
strongly  appear  when  the  work  is  platted.  To  the  mind  of  the  writer 
general  field  relations  of  the  kinds  above  cited  are  sometimes  more  de- 
cisive evidence  of  unconformity  than  almost  any  kind  of  local  rela- 
tions. When  the  local  proofs  above  considered,  combined  with  general 
field  relations,  unite  as  evidences  of  unconformity,  as  is  generally  the 
case  if  the  worker  takes  advantage  of  all  the  facts  available,  the  ac- 
cumulated evidence  for  discordant  relations,  even  in  difficult  and  folded 
regions,  is  often  decisive. 

Unconformities  have  been  frequently  inferred  on  insufficient  ground. 
This  has  sometimes  resulted  from  regarding  surface  igneous  rocks  as 
sedimentary,  and  the  basal  conglomerate  overlying  such  a  formation  as 
evidence  of  unconformity.  More  frequently  the  misinterpreted  eviden ce 
of  unconformity  is  a  discordance  in  foliation  j  sometimes  cited  as  occur- 
ring in  actual  contact,  but  at  other  times  being  a  discordance  only  in 
the  strike  and  dip  of  foliation  at  some  distance.  A  contact  discordance 
of  foliation  or  bedding  may  occur  as  a  result  of  faulting.  The  strikes 
and  dips  of  banded  and  contorted  schists  and  gneisses  often  vary  so 
greatly  within  short  intervals  that  a  difference  of  this  kind  can  not  be 
taken  as  an  indication  of  discordances.  This  error  has  occurred  because 
it  has  been  assumed  that  cleavage  foliation  accords  with  sedimentation. 
When  it  is  practically,  not  theoretically,  recognized  that  this  structure 
is  secondary — may  be  produced  in  either  sedimentary  or  igneous  rocks — 
and  that  it  generally  does  not  correspond  over  large  areas  with  bed- 
ding, such  evidence  will  cease  to  be  used  as  indications  of  structural 
discordance. 

The  application  of  the  foregoing  principles  demands  that  in  working 
out  the  structure  of  the  crystalline  formations  the  ground  must  be  gone 
over  in  detail.  No  single  section  will  be  adequate  to  give  a  proper  idea 
of  the  structure,  nor  will  it  do  to  consider  that  as  a  result  of  several  or 
a  dozen  sections  the  structure  of  a  large  district  may  be  worked  out 
and  the  formations  mapped,  as  has  been  too  frequently  done.  Forma- 
tions which  outcrop  in  one  section  may  not  be  exposed  in  another,  or  a 
formation  between  one  section  and  the  next  may  entirely  change  its 
character  or  disappear  altogether.  If  the  district  is  a  difficult  one  the 
only  safe  way  is  to  take  advantage  in  the  field  of  all  available  over- 
ground and  underground  facts,  and  to  collect  abundant  material  for 
supplementary  office  work.  When  only  one  structure  is  present  and 
the  character  of  that  the  least  doubtful,  it  must  not  be  assumed  to  be 
bedding.    In  regions  in  which  the  exposures  are  infrequent  it  may  be 
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impossible  to  work  out  the  structure  of  crystalline  rock  series  which 
have  a  true  detrital  succession,  but  it  is  better  for  the  present  and  the 
future  that  no  structure  be  presented  than  a  false  one. 

After  working  out  .the  structure  of  one  district  in  a  geological  basin, 
adjacent  districts  may  be  mapped  much  more  rapidly.  Under  proper 
checks  the  lithological  character  of  individual  beds  may  be  assumed  to 
remain  the  same.  Sete  of  like  formation  occurring  in  the  same  order 
may  be  assumed  to  be  the  same  group  of  formations.  And  perhaps 
most  useful  of  all  are  discordant  relations  between  series.  In  correla- 
tions from  region  to  region,  without  the  assistance  of  paleontology  it 
will  probably  not  be  possible  to  carry  the  analogy  further  than  series; 
and  in  far  distant  regions  even  the  general  lithological  likeness  and 
similarity  of  position  of  series  is  not  sufficient  warrant  for  placing  them 
opposite  each  other  in  the  time  column. 

If  the  foregoing  principles  are  true,  it  is  plain  that  in  working  out  the 
structure  of  a  new  region  local  names  should  be  applied  to  the  forma- 
tions and  series.  When  the  time  comes  that  fuller  knowledge  enables 
them  to  be  safely  correlated  with  the  series  to  which  classical  names 
have  been  applied,  this  may  be  done,  and  the  local  names  will  not  be  less 
serviceable  to  designate  particular  parts  of  these  general  series. 

The  area  in  North  America  in  which  detailed  mapping  has  been  done 
with  a  resultant  proper  understanding  of  the  structural  relations  of  the 
pre-Oambrian  is  surprisingly  small.  Scarcely  a  crystalline  area  on  the 
continent  has  escaped  the  rapid  geologist  who  has  passed  over  a  region 
and  upon  a  few  facts  of  uncertain  value  publishes  structural  conclu- 
sions which  are  not  to  be  verified  by  future  work.  The  districts  care- 
fully studied  include  the  original  Huronian  of  lake  Huron,  several 
small  areas  about  Ottawa  and  between  the  Ottawa  river  and  lake  On- 
tario, a  few  small  areas  about  the  lake  Superior  region,  a  small  part  of 
western  Massachusetts  and  a  part  of  Maryland.  Even  in  these  districts 
the  work  at  many  points  is  rather  old  and  to  a  certain  extent  unsatis- 
factory. Before  reliable  maps  can  be  obtained  this  old  work  must  be 
thoroughly  revised  in  the  light  of  the  recent  advances  in  the  methods 
of  study  of  the  crystalline  rocks.  By  this  it  is  not  implied  that  the 
more  general  work  done  is  not  of  superlative  value  and  of  necessity 
must  precede  the  more  accurate  accounts.  A  beginning  has  been  made 
in  American  pre-Cambrian  stratigraphy,  but  the  great  mass  of  work 
remains  for  the  future. 

RESULTS  IN  AMERICA  AND  EUROPE   COMPARED. 

This  volume  has  already  become  too  long  to  attempt  to  make  a  de- 
tailed comparison  between  America  and  Europe  as  to  the  results  reached 
in  pre-Oambrian  stratigraphy.  Also,  I  am  wholly  unfamiliar  with  Eu- 
ropean ground  and  am  but  imperfectly  acquainted  with  the  literature; 
hence  I  would  not  be  warranted  in  making  the  attempt,  even  if  space 
permitted.    It  may,  however,  be  well,  without  giving  any  detailed  facts 
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or  reviews  of  literature,  to  mention  the  opinions  which  appear  to  be 
prevalent  in  reference  to  the  pre-Cambrian  of  Europe. 

In  the  first  place,  it  is  not  universally  held  that  in  Europe  there  are 
pre-Canibrian  elastics.  It  is  probable  that  this  difference  of  opinion 
results  in  part  because  it  is  not  agreed  as  to  the  lower  limit  of  the  Cam- 
brian. If  this  could  be  settled  it  would  be  comparatively  easy  to  decide 
as  to  the  existence  of  pre-Cambrian  sedimentaries. 

Nowhere  has  there  been  in  the  past  a  wider  difference  of  opinion  on 
this  question  than  in  Great  Britain,  but  now  the  consensus  of  opinion 
appears  to  be  that  pre-Cambrian  elastics,  either  water-deposited  or 
volcanic,  or  both,  occur  at  various  places.  The  officers  of  the  official 
survey  have,  until  very  recently,  denied  that  such  rocks  occur ;  but  the 
Director- General  states,  in  a  late  paper,  that  in  western  Scotland,  asso- 
ciated with  the  fundamental  gneiss,  are  small  areas  of  schist  and 
limestones  which  are  possibly  sedimentary  5  that  within  the  complex  of 
rocks  in  Scotland,  for  which  the  term  Dalradian  is  proposed,  there  are 
probably  pre-Cambrian  elastics  both  of  sedimentary  and  volcanic  ori- 
gin, and  that  Callaway  is  correct  as  to  the  pre-Cambrian  age  of  the 
Uriconian  volcanics.  Still  more  recently  it  has  been  announced  that 
the  Torridon  sandstone,  8,000  or  10,000  feet  thick,  which  contains 
traces  of  annelids  and  other  obscure  organic  remains,  lies  unconforma- 
bly  below  theOlenellus  Cambrian  and  must  therefore  be  classed  as  pre- 
Cambrian. 

The  head  of  the  official  survey  of  France,  Michel-Levy,  states  that 
in  the  pre-Cambrian  are  placed  only  those  rocks  which  are  completely 
crystalline  and  which  antedate  all  the  clastic  series.  The  Cambrian  is 
delimited  below  by  the  appearance  of  the  first  layers,  which  are  incon- 
testably  clastic.  It  passes  insensibly  into  the  crystalline  rocks  re- 
garded as  pre-Cambrian.  The  Cambrian  is  delimited  above  by  the 
overlying  accordant  or  discordant  strata-bearing  fossils.  The  rocks 
placed  in  the  Cambrian  are  for  the  most  part  nonfossiliferous,  and, 
while  clastic  as  a  whole,  are  locally  much  altered  by  contact  action  and 
are  more  crystalline  than  the  later  formations.  The  foregoing  positions 
are  very  different  from  those  held  by  Barrois,  another  of  the  official 
geologists.  This  author  holds  that  in  France  there  is  at  least  one 
series  of  pre-Cambrian  rocks  of  clastic  origin  to  which  he  has  applied 
the  term  Huronian. 

In  Germany  there  is  a  radical  difference  of  opinion  between  the  lead- 
ing geologists  as  to  whether  pre-Cambrian  elastics  exist,  although  a 
large  majority  maintains  that  belonging  here  are  the  Obermittweida 
conglomerate  and  similar  rocks  in  other  localities.  Others  hold  that 
these  rocks  are  in  folded  parts  of  the  Cambrian  or  post-Cambrian.  The 
commonly  accepted  classification  of  the  pre-Cambrian  rocks,  according 
to  Lossen,  is  as  follows :  (1)  Urgneiss  or  fundamental  gneiss,  which  in 
places  is  rather  a  granite  than  a  gneiss.  Toward  the  top,  the  forma- 
tion takes  in  Jbe<ls  of  limestone,  quartzite,  and  amphibolite,  generally, 
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however,  without  any  vestige  of  clastic  character.  Above  the  IJr- 
gneiss  follows  (2)  the  UrglimmerscMefer,  which  passes  into  (3)  the  Ur- 
thonschiefer  or  Phyllit,  and  this  contains  younger  gneiss  formations. 
This  classification  has  a  structural  basis  to  a  certain  degree,  but  seems 
to  be  primarily  lithological.  Credner,  in  the  last  (seventh)  edition  of 
his  Elemente  der  Geologie,  places  the  Urgneiss  as  the  equivalent 
of  the  Laurentian  and  the  Urschiefer,  including  here  the  Urglimmer- 
schiefer  and  Urthonscheifer  as  the  equivalent  of  the  Huronian  of 
North  America. 

In  Norway  the  director  of  the  official  survey,  Dr.  Keusch,  considers 
that  it  has  been  shown  that  there  are  in  that  country  pre-Cambrian 
elastics  which  are  overlapped  by  the  Cambrian.  De  Geer  maintains 
that  there  are  pre-Cambrian  rocks  in  Sweden  which  are  unconformably 
below  the  Cambrian.  Keusch  is  inclined  to  exclude  these  rocks  from 
the  Archean,  the  latter  being  restricted  to  the  fundamental  complex. 
If  these  results  be  accepted  it  follows  that  in  Scandinavia  there  are 
rocks  which  take  a  position  represented  in  America  by  the  Algonkian. 

The  inclination  to  limit  the  term  Archean  to  the  fundamental  com- 
plex is  rather  widespread  in  Europe,  without  reference  to  whether  pre- 
Cambrian  elastics  exist  or  not.  Many  of  those  who  hold  that  pre-Cam- 
brian elastics  occur  are  disposed  to  give  them  distinctive  names.  .  As 
in  America,  no  structural  methods  have  been  applied  to  the  funda- 
mental complex. 

Eigidly  defining  the  Archean  to  cover  the  basal  crystalline  complex 
and  excluding  from  it  all  clastic  rocks,  we  have  in  England,  France, 
Germany,  and  Scandinavia  equivalents  of  the  Algonkian  of  America, 
if  those  geologists  are  right  who  maintain  the  pre-Cambrian  character 
of  the  clastic  rocks  mentioned. 

No  attempt  has  been  made,  except  in  Great  Britain,  to  subdivide  into 
series  the  rocks  equivalent  to  the  Algonkian.  The  review  of  the  facts 
in  America  has  led  to  the  conclusion  that  it  is  not  practicable  to  make 
correlations  over  the  whole  continent  of  a  more  definite  nature  than 
Algonkian  and  Archean.  If  this  be  true,  it  is  evident  that  correlations 
can  not  be  more  definitely  made  between  European  and  American  rocks. 
The  application  of  such  American  terms  as  Huronian  and  Keweenawan 
to  European  series  is  wholly  unwarranted. 

If  the  suggestionbe  correct  that  the  Archean  is  of  a  different  char- 
acter from  any  succeeding  formation  and  has  a  continental  extent  in 
America,  it  may  be  safe  to  regard  the  fundamental  complex  of  Europe 
as  its  equivalent.  If  this  be  done  and  Cambrian  be  delimited  below 
by  the  Olenellus  fauna,  it  would  be  safe  to  say  that  the  intervening 
series  of  rocks  occupy  some  position  in  the  great  Algonkian  system. 
But  any  given  series  of  the  Algonkian  of  Europe  can  not  safely  be 
placed  opposite  a  definite  series  in  this  country  until  there  shall  be 
found  paleontological  evidence  for  so  doing. 

Even  if  the  Cambrian  in  Europe  were  rigidly  delimited  below  by  the 
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Oleuellus  fauna  and  all  doubtful  series  barren  of  fossils  were  regarded 
as  pre-Cambrian,  it  would  still  be  true  that  the  rocks  thus  referred  to 
the  Algonkian  system  would  be  insignificant  in  amount  and  extent  as 
compared  with  the  great  areas  and  volumes  here  included  in  America. 
It  would  also  be  true  that  the  structural  work  upon  such  series  has  not 
progressed  so  far.  This  is  probably  in  large  measure  due  to  the  non- 
occurrence of  such  volumes  of  Algonkian  rocks  in  Europe  as  exist  in 
America  5  but  it  is  also  due  in  part  to  the  fact  that  in  that  portion  of 
Europe  which  has  been  most  closely  studied  there  have  been  since 
Cambrian  time  repeated  powerful  dynamic  movements  and  periods  of 
great  eruptive  activity.  The  conditions  &re  much  the  same  as  in  the 
eastern  United  States,  where  a  study  of  pre-Oambrian  stratigraphy  has 
barely  begun.  In  the  interior  of  the  American  continent  the  conditions 
have  been  far  more  favorable  for  a  structural  study  of  the  pre-Cam- 
brian  rocks. 
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